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TO 


SIR JOHN FREDERICK WILLIAM IIERSCHEL, 

K. G. II. 


My DEAR Herschel, 

It is with no common pleasure that I take up 
my pen to dedicate these volumes to you. They are the 
result of trains of thought whicli have often been the subject 
of our conversation, and of whicli the origin goes back to 
the period of our early companionship at the University. 
And if I had ever wavered in my purpose of combining 
such reflections and researches into a whole, I should hav^ 
derived a renewed im])ulse >aud increased animation from 
your delightful Discourse on a kindred subject. For I could 
not have read it without finding this portion of philosophy 
invested with a fresh bharm ; and though I might be well 
aware that I could not aspire to that large share of popu- 
larity which your work so justly gained^ I shoultl still have 

reflected, that something was due; to the s^tbj<^ci; itself, and 

- \ 

should, have hoped that my own aim wai3<.so‘far similar 
to yours, that the present work might ’ hat'd a chance of 
exciting an interest in some of your;f Aiders. :That it will 
interest you, I do not at all hesitate to believe. 
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Vi DEDICATION, 

If you were now in England I should stop here : but 
when a friend is removed for years to a far distant land, 
we seem to acquire a right to speak openly of his good 
qualities. I cannot, therefore, prevail upon myself to lay 
down my pen without alluding to the affectionate admira- 
tion of your moral and social, as well as intellectual excel- 
lencies, which springs up in the hearts of your friends, 
whenever you are thought of. They are much delighted 
to look upon the halo of deserved fame which plays round 
your head ; but still more, to recollect, as one of them said, 
that your head is far from being the best part about you. 

May your sojourn in tho southern hemisphere bo as 
happy and successful as its object is noble and worthy of 
you ; and may your return home bo speedy and prosperous, 
as soon as your purpose is attained ! 

Ever, my dear Herschel, “ 

Yours, 

W. WlIEWELL, 


6, Hyde Park Street, 
22 March, 1837. 



PREFACE. 


At the present clay, any endeavour to improve and 
extend tlie Philosophy of Science may hope to 
excite some interest. All persons of cultivated 
minds will agree, that a very important advan- 
tage would ho gained, if any light could he 
thrown upon the modes of discovering truth, the 
powers that we possess for this end, and the points 
to which these may most proiitahly he applied. 
Most men, too, will allow, that in these respects 
much remains to. he done. The attempts of this 
kind, made from time to time, are far from ren- 
dering future efforts superfluous. For example, the 
Great Refonn of Philosophy and Method, in which 
Bacon so eloquently called upon men to unite their 
exertions in his day, has, even in ours, been very 
imperfectly carried into effect. And, even if his plan 
had been fully executed, it would now require to he 
pursued and extended. If Bacon had weighed well 

all that Science had achieved in his time, and had 
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laid down a complete scheme of rules for scientific 
research, so far as they could be collected from the 
lights of that age, it would still be incumbent upon 
the philosophical world to augment as well' as pre- 
serve the inheritance which he left ; by combining 
with his doctrines such new views as the advances 
of later times cannot fail to produce or suggest; 
and by endeavouring to provide, for every kind of 
truth, methods of research as effective as those to 
which we OAve the clearest and surest portions of 
our knowledge. Such a renovation and extension 
of the reform of philosophy appears to belong pecu- 
liarly to our OAvn time. AVe may discern no few or 
doubtful i)resages of its approach ; and an attempt 
to give form and connexion to the elements of such 
a scheme cannot now be considered premature. 

The Novum Organon of Bacon was suitably 
ushered into the Avorld by his Advancement of 
Learning ; and any attempt to continue and extend 
his Reform of the Methods and Philosophy of 
Science may, like his, bo most fitly preceded by, 
and founded upon, a comprehensive Survey of the 
existing state of human knowledge. The wish to 
contribute something, however little it may be, to 
such a Reform, gave rise to that study of the His- 
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tory of Science of which the present Work is the 
fruit. And the effect of these researches has been, 
a persuasion, that we need not despair of seeing, 
even in our own time, a renovation of sound 
pliilosophy, directed by the light which the History 
of Science sheds. Such a reform, when its Epoch 
shall arrive, will not be the work of any single 
writer, but the result of the intellectual tendencies 
of the age. lie who is most forward in the work 
will wisely repeat the confession of his sagacious 
predecessor: Ipse certe (ut ingenue fatear) soleo 
acstimare hoc opus magis pro partu Temporis quam 
Ingeriii. 

To such a work, whensoever and by whomso- 
ever executed, I venture to hope that the present 
Volumes may be usefully subservient. But I trust, 
also, that in its independent character, as a History, 
this book may be found not altogether unworthy of 
the aim which its title implies. 

It is impossible not to sec that the Avriter of such 
a history imposes upon himself a task of no ordinary 
difficulty and delicacy ; since it is necessary for him 
to pronounce a judgment upon the characters and 
achievements of all the great physical philosophers 
of all ages, and in all sciences. But the assumption 
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of this judicial position is so inevitably involved in 
the functions of the historian (whatever he his sub- 
ject), that he cannot justly be deemed presumptuous 
on that account. It is true, that the historian of 
the progress of science is required by his under- 
taking to judge of the merits of men, in reference 
to subjects which demand a far intenser and more 
methodical study than the historian of practical life 
gives to the actions of which he treats; and the 
general voice of mankind,— which may often serve as 
a guide, because it rarely eri-s widely or pennanently 
in its estimate of those who arc ])roniinent in pxiblic 
life, — is of little value when it speaks of things 
belonging to the region of exact science. But to 
balance these disadvantages, and to enable us to 
judge of the characters who must figure in our 
history, we may recollect that we have before us, 
not the record only of their actions, but the actions 
themselves; for the acts of a philosopher are his 
writings. We do not receive his exploits on tradi- 
tion, but by sight; we do not read of him, we read 
him. And if I may speak of my own grounds of 
trust and encouragement in venturing on such a 
task, I knew that my life had been principally spent 
in those studies which were most requisite to enable 
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me to understand what had thus been done; and 
I had been in habits of intercourse with several 
of the most eminent men of science of our time, 
both in our own and in other countries. Having 
thus lived with some of the great intellects of the 
past and the present, I had found myself capable of 
rejoicing in their beauties, of admiring their endow- 
ments, and, I trusted, also, of undei’standing their 
discoveries and views, their hopes and aims. I did 
not, therefore, turn aside from the responsibility 
which the character of tlie Historian of Science 
imposed upon me. I have not oven shrunk from 
it when it led me into the circle of those who are 
now alive, and among whom we move. For it 
seemed to me that to omit such portions of the 
history as I must have omitted to avoid thus speak- 
ing of my contemporaries, would have left my work 
mutilated and incomplete ; and would have prevented 
its forming a platform on ■which we might stand 
and look forward into the future. I trusted, 
moreover, that my study of the philosophers of 
former times had enabled me to appreciate the dis- 
coveries of the present, and that I should be able to 
speak of persons now alive, with the same impar- 
tiality and in the same spirit as if they were already 
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numbered with the great men of the past. Seeking 
encouragement in these reflections, and in the 
labour and thought which I was conscious of having 
bestowed upon my task, I liave conducted my history 
from the earliest ages of the speculative world up to 
our own days. 

To some persons it may appear that I am not 
justified in calling that a History of the Inductive 
Sciences, which contains an account of the progress 
of the 'physical sciences only. But it Avould have 
conveyed a false impression of my purpose, had I 
described my history in any manner which implied 
that the sciences which it embmces are partially 
selected or arbitrarily limited. Those of which the 
progress is exhibited in the present volumes, appear 
to me to form a connected and systematic body of 
knowledge. And if there be branches of knowledge 
which regard Morals, or Politics, or the Fine Arts, 
and which may properly be called Inductive (an 
opinion which I by no means gainsay) ; still it must 
be allowed, I think, that the processes of collecting 
general truths fi-om assemblages of special facts, and 
of ascending from propositions of a limited to those 
of a larger generality, which the term Indtictim 
peculiarly implies, have hitherto been far more 
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clearly exhibited in the physical sciences which form 
the subject of the present work, than in those hyper- 
physical sciences to which I have not extended my 
history. I will further add, that if I should be 
enabled hereafter to lay before the world a view of 
the Philosophy of Inductive Science in its general 
bearings, it will be requisite, in order to exhibit, in 
its due light the state of the philosophy of morals, 
or art, or any similar subject, to give a view of 
the steps by Avhich it has reached its present 
position; and thus such a work will supply that 
which some may judge wanting to fill up the outline 
of this historical undertaking. 

As will easily be supposed, I have borrowed 
largely from other writera, both of the histories of 
special sciences and of philosophy in general*. I 
have done this without scruple, since the novelty of 
my work was intended to consist, not in its supe- 

* Among these, I may mention as works to which I have 
peculiar obligations, Tcnnemann’s Geschichtc der Philosophic, 
Degerando’s Ilistoirc Comparee des Systemes de Philosophie, 
Montucla s Ilistoire des Mathematiques, with Delambre’s con- 
tinuation of it, Delambre’s Astronomic Ancienne, Astronomic 
du Moyen Age, Astronomic Moderne, and Astronomic du Dix- 
huitiemc Sieclc ; Bailly’s Histoirc d* Astronomic Ancicnnc, and 
Ilistoire d’ Astronomic Moderne, Voiron’s Histoirc d’ Astronomic 
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riority as a collection of facts, but in the point of 
view in which the facts wore placed. I have, how- 
ever, in all cases, given references to my authorities, 
and there are very few instances in which I have not 
verified the references of previous historians, and 
studied the original authors. According to the plan 
which I have inxrsued, the history of each science 
forms a whole in itself, divided into distinct but 
connected members, by the Epochs of its successive 
advances. If I have satisfied the competent judges 
in each science by my selection of such epochs, the 
scheme of the work must bo of permanent value, 
however imperfect may be the execution of any of 
its portions. 

With all these grounds of hope, it is still impos- 
sible not to see that such an undertaking is, in no 
small degree, arduous, and its event obscure. But 
all who venture upon such tasks must gather 
trust and encouragement from reflections like those 


(published as a continuation of Bailly), Fischer’s Qeschichte 
der Physik, Gmelin’s < leschichte der Chemic, Thomson’s History 
of Chemistry, Spreiigel’s History of Medicine, his History of 
Botany, and in all branches of Natural History and Physiology, 
Cuvier's works, in their historical, as in all other portions, most 
admirable and iii;itructiTe. 
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by which theii* great forerunner prepared himself 
for his endeavours ; — ^by recollecting that they are 
aiming to advance the best interests and privileges 
of man ; and that they may expect all the best and 
wisest of men to join them in their aspirations and 
to aid them in their labours. 

“ Concerning ourselves we speak not ; but as 
touching the matter which we have in band, this we 
ask ; — ^that men deem it not to be the setting of 
an Opinion, but the performing of a AYork ; and 
that they receive this as a certainty ; that we are 
not laying the foundations of any sect or doctrine, 
but of the profit and dignity of mankind : — Further- 
more, that being well disposed to what shall 
advantage themselves, and putting off factions and 
prejudices, they take common counsel with us, to 
the end that being by these our aids and appliances 
freed and defended from wanderings and impedi- 
ments, they may lend their hands also to the labours 
which remain to be performed : — ^And yet, further, 
that they be of good hope; neither feign and imagine 
to themselves this our Reform as something of infi- 
nite dimension and beyond the grasp of mortal man, 
when, in truth, it is, of infinite errour, the end and 
true limit; and is by no means unmindful of the 
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condition of mortality and humanity, not confiding 
that such a thing can be carried to its perfect close 
in the space of one single age, but assigning it as a 
task to a succession of generations.” 

Imtaur. Mag. Prof, ad Jin. 
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ADDITIONAL NOTE IN VOL. L 


Page 6, line 7. I liave attempted to illustrate somewhat further the 
nature of Inductive reasoning, in a small work entitled the Mechanical 
Euclid, and in the Eemarks annexed thereto. 


Page 42, lino 16, /or inscribed, read invented. 
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280, 311 

Castelli, b. 62, 55, 82, 87 
Catelan, L 82 
Cavalliori, 5. 201 

Cavendish, b, 246 ; c. 26, 125, 133 
Cauchy, b. 117, 328, 456 
Caus, Solomon do, b, 40 
Cesare Cesariaiio, a, 349 
Chalid ben Abdolmalic, a. 212 
Chatelet, Marquise du, b, 88 
Chaussier, c. 425 
Chladni, b. 324, 328 
Christie, c. 92 
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Christina, h» 136 
Chrompr^, c, 175 
Cicero, «. 124 
Cigna, h. 111 ; c. 22 
Clairaut, b. 100, 103, 113, 171, 213, 
238, 243, 363 
Clarke, b, 88, 194 
Cleomedes, «. 198, 207 
Cliisius, c. 288 
Cobo, c. 290 

Coloinbe, Ludovico delle, b. 62 
Columbus, Realdus, c. 396, 403 
Coliimna, Fabiiis, o. 292 
Commandinus, A. 14 
Comparctti, b. 382 
Condaminc, b. 241 
Constantine of Africa, c, 270 
Conti, Abbd de, b. 86 
Conybeare, c. 513, 523 
Copernicus, n. 368 
Cosnias Indicopleustes, rr. 255 
Cotes, b. 97, 105 
Coulomb, c. 25, 30, 34, 53 
Crabtree, a. 391, 431 ; b, 146 
Cramer, b, 315 
Cronstedt, c. 230 
Cruickshanks, c, 70 
Cumming, Prof., c, 90 
Cunmus, c. 14 

Cuvier, c, 356, 429, 448, 453, 465, 
472, 510, 517, 608 

D’Alembert, b. 89, 95, 101, 108, 
110, 115,228,308, 318 
D’Alibard, c. 18 

Dalton, Dr. .John, b, 497, 509, 516, 
521 ; c, 147, 152 
Danioll, b, 521; c, 559 
Dante, a, 362 
D'Arcy, 6. 119 
Davy, c. 141, 157, 162, I 70 
Daubenton, c. 445 
Daubeny, Dr., c. 555 
Daussy, b. 251 

De Candolle, Prof. c. 339, 441 
Dechen, M. von., c, 535 
Defrance, c. 508, 612 
Degerando, a, 251, 311 
De la 13eche, c. 513 
Delambre, b, 222, 232 
De la Rive, Professor, b, 533 
De Lisle, b. 202 
Dc Luc, b, 606, 520 
D^inesto, c. 197 


Democritas, a. 64; c. 258 
Derham, 6. 602 
Desaguliers, c. 11 

Descartes, b. 24, 32, 50, 55, 66, 76, 
131, 199,347,350; c. 61. 

Dos Hayes, c. 514 
Desmarest, c. 502, 506 
Dexippus, a. 275 
Digges, b. 37 
Dillenius, c. 329 
Diogenes Laertius, a. 239 
Dioscorides, c. 265, 270 
DoUond, L 273, 363 
Dominis, Antonio de, b. 347 
Dubois, c, 394 
Duftiy, c. 10, 13, 21 
Du Four, b, 382 
Dufrdnoy, c. 526, 534 
Dulong, b, 485, 633 
Duns Scotus, a. 321, 327 
Dunthomc, b. 209 
Dupuis, a. 134 
Durret, o. 406 
Dutens, a. 71 
Duvernay, c, 444 

Ebn lounis, a, 224 
Encke, b. 239, 263, 287 
Eratosthenes, a, 193 
Kricsen, b. 505 
Eristratus, c, 407 
Etienne, c. 394 , 

Evelyn, 6. 191 
Euclid, a. 98, 145 
Eudoxus, a. 161, 166 
Euler, b. 93, 101, 104, 109, 113, 119, 
213, 308, 323 
Eusebius, a. 253 
Eustachius, c. 395, 408 
Eustratus, a. 274 

Fabricius, a. 275 

Fabricius of Acquapendente, c. 
396, 412 

Fabricius, David, a. 427 

Fallopius, c. 395 

Faraday, Dr., r. 80, 91, 163, I 70 

Fermat, b. 55, 73 

Fitton, Dr., c. 521 

Flacourt, c, 291 

Flamsteed, a. 434 ; 5. I 70 , 179, 197, 
210 

Fleischer, b, 347 
Fontaine, b, 108 
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Fontenelle, b, 212, 217; o. 112, 497 
Forbes, Professor, h. 494 
Forster, Rev. Charles, «. 338 
Fourcroy, c, 132, 138 
Fourier, b. 470, 482, 489, 623 
Fowler, c. 73 
Fracastoro, c. 494 
Francis I. (king of France) a. 327 
Franklin, c. 12, 15, 22, 33 
Fraunhofer, b. 274, 386, 411, 468 
Frederic II., Emperor, «. 328 
Fresnel, 6. 371, 402, 409, 420, 435, 
622 

Fries, c. 354 
Frontinus, a. 350 
Fuchs, c. 221, 274 
Fuchsel, c, 603 

Onortner, c. 333 

Galen, c. 385, 391, 393, 423, 428 
Galileo, a. 393; b. 17, 23, 28, 28, 
47, 56, 82 
Gall, c. 425, 427 
Galvani, c. 88, 72 
Gambart, b. 239 
Gascoigne, b, 364 

Gassendi, a. 408; b. 54, 137, 140, 
311 

Gauss, b. 107, 2.33 
Gay-Lussac, b, 497, 608, 622; c, 
141, 163 

Geber, «. 228, 304 
Gcllibrand, c. 48 
Geminus, a, 122, 186, 207 
Generelli, Cirillo, c. 61)7 
Geoffrey (botanist), c. 417 
Geoffrey (chemist), c. 1 12 
Geoffroy Saint-Iiilaire, c, 448, 462, 
467 

George Pachymenis, «. 274 
Gerbert, a. 257 
Geimain, Mile. Sophie, 5. 328 
Gormanicus, «. 209 
Gessner, c. 192, 278, 495 
Ghini, c. 288 
Gibbon, a. 336 , 

Gilbert, «. 389 ; b. 143 ; c. 7» 46, 49, 
51, 58 

Giordano Bruno, a, 384 
Girard, b. 70 
Girtanner, 5. 608 
Giseke, c. 322 
Glisson, c. 427 
Gmelin, c. 243 


Godefroy of St. Victor, «. 316 

Goldfuss, c. 514 

Giippert, c. 593 

Gothe, b. 357; c. 434, 440 

Gough, 5. 512 

Graham, b. 268 ; c. 49 

Grainatici, h. 209 

Grazia, Vincenzio de, 5. 62 

Greenoiigh, c. 525 

Gregory, David, b, 196, 209 

Gregory VII., Pope, rt. 308 

Gregory IX., Pope, a. 326 

Gren, 5. 516 

Grew, c. 414, 444 

Grey, c. 10 

Grignon, c. 198 

Grimaldi, 5. 55, 352, 381 

Grotthus, c. 175 

Guericke, Otto, 5. 310; c. 9 

Guettard, c. 498 

Gulielniini, c. 194 

Guyton do jMorveau, 0. 132, 138 

llachette, 5. 70 
Hadley, b. 272 
Ilaidinger, c. 216 
Ilalicon, a. 178 
Haller, c. 327, 429 
Halley, «. 434 ; b. 77, 147, 160, 190, 
195, 210, 225, 237, 243, 282; 
c. 47 

Ilaly, a, 301 

Uaniilton, Sir W. (mathem.), 5, 
451, 460 

Hampden, Dr., «. 311 
Hansen, b. 107 
Hanstecn, c. 48 
Harding, b. 2.34 
Harris, Snow, c, 35 
Harrison, b. 27 1 
Hartsoecker, b. 273 
Haiwey, c*. 397, 400, 412 
Ilausmann, c. 214 
Ilaiiy, c, 199, 205, 233 
Ilawkesbeo, c. 9, 12 
Hegel, b, 181 
Ilelmont, c. 107 
Henckel, c. 194 
Henslow, Professor, 0. 443 
Heraclitus, a. 26 
Herman, Paul, 0 , 200 
Hermann, Contractus, a. 256 
Hermann, James, 5. 80, 88^ 93 ; c. 
301 
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Hemiolaiis Barbaras, a. 67 
Hernandez, c. 290 
Herodotus, a. 27 ; o. 200, 491 
Heropliilus, c. 307 
Herrensclineider, b, 478 
Herscliel, Sir John, b, 263, 304, 
380; c, 92, 218, 561, 566 
Hcrschol, Sir William, b, 230 
Hevelius, b. 236, 267, 281 
Higgins, c, 148 
Hill, c. 196, 330 
Hipparchus, «. 169 
llippasus, a, 104 
Hippocrates, c. 383 
Hof, K. E. A. von, c, 551 
IIofFinann, c, 525 
Home, c. 513 
Homer, c. 383 

Hooke, b, 25, 73, 76, 132, 148, 153, 
155, 164, 304, 326, 355, 378, 
381, 391 ; c. 607 
Hopkins, A. 323; c. 564 
Horrox, a, 391, 431 ; b, 146 
Hoskins, A. 77 
Howard, Mr. Luke, b, 523 
Hudson, c, 330 
Hugo of St. Victor, a, 316 
numboUlt, Alexander von, c. 48, 
520, 541, 554 

Humboldt, Wilhelm von, 71 
Hunter, John, c. 445 
Hutton (fossilist), c. 514 
Hutton (geologist), b, 246; c. 506, 
603 

Iluyghens, b, 48, 57, 74, 81, 112, 
132, 149, 174, 311, 355, 367, 
392 

Ilyginus, a. 209 

Iambi ichus, a, 287 

Ideler, «. 118 

Ivory, b, 107 

Jacob of Edessa, a, 278 

Jameson, Professor, 0. 226, 605 

Job, a. 133 

John of Damascus, a. 274 
John Philoponus, a. 273 
John of Salisbury, a. 318, 322 
John Scot Erigena, a. 314 
Jordanus Nemorarius, b, 10, 39 
Joseph, a, 309 
Julian, a. 288 
Jung, Joachim, 0. 297 


Jussieu, Adrien de, c. 336 
Jussieu, Antoine Laurent do, c. 
335 

Jussieu, Bernard de, e. 335 

Ksompfer, c. 291 

Kant, c, 469 

Kazwiri, c, 600 

Keckerman, a. 324 

Keill, b. 98, 196; cj. 110 

Kelland, Mr. Philip, 5. 456, 460 

Kempeleii, h, 335 

Kci)ler, o. 371, 383, 410; 5. 73, 128, 
181, 255, 347 
Key, c. 130 
Kircher, a. 293 
Kirwan, c. 127, 133 
Klaproth, c. 134 
Klingenstierna, b, 273, 363 
Knaut, Cliristopher, 0 , .301 
Knaut, Christian, c. 301 
Konig, c. 513 
Krafft, h. 4^; c. 59 
Kratzenstein, b, 504 
Kriege, c. 291 

Lacaillo, h, 222, 242 
Lactantius, a. 253 
Lagrange, b. 100, 103, 104, 105, 
106, 107, 110, 120, 229, 315, 
318, .322 
L’Aine, b, 459 
La Hire, b. 216, 255 
Lalande, b, 218, 231 
Lamarck, c. 339, 448, 612 
Lambert, b, 323, 473; c. 53 
Landen, 6. 109 
Lansberg, a. 406, 431 
Laplace, 6. 104, 106, 106, 226, 247, 
316, 470, 482, 530, 550 
Lasus, «. 104 
Latreille, 0, 460 
Lavoisier, c, 128, 136 
Laughton, b. 195 
Launoy, a. 325 
Laurencet, c. 459 
Lawrence, c, 575 
Lecchi, ^.70 

Leeuwenhoek, c. 414, 419 
Legendre, e, 55 
L’Hopital, b, 84 
Leibnitz, b, 86, 140 
Le Monnier, b, 210, 213, 256 
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Leonardo da Yinci^ <u 351 ; h. 122; 

c. 493, €06 
Leonicemis, c, 272 
Le Roi, h. ,504, 521 
Leslie, h, 478, 489, 525 
Levy, c. 217 
Leiicipinis, a. 64, 75 
Lexell, h, 231, 239 
Lliwyd, <?. 495 
Libri, 5. 487 
Lindenau, 219 
Lindlcy, c. 442, 514 
LinnoDiis, c. 195, 304, 364 
Liiuis, h, 354 
Lister, <?. 497, «'500 
Littrow, h, 277 
Lloyd, Professor, h, 451, 460 
Lobeck, h, 461 
Lobel, c. 292, 338 
Locke, h. 191 

Longoinontaniis, /i, 422, 431 
Loiiville, b, 203, 217 
Lubbock, 5. 107, ^50 
Lucan, a, 245 
Lucas, 355 

Lyell, c. 483, 530, 552, 556, 567, 
570, 612 

Macleay, c* 353 

jMscstlin, a, 383, 405 

IMagin, a. 382 

IMairan, 5. 88 

Malpighi, c. 413, 414 

Mains, h. 369, 374 

Manilius, a. 209 

JMaraldi, 5. 216, 382 

IMarcet, h, 533 

!Margravc, c. 360 

Marinus (anatomist), c. 423 

IMarinus (Ncoplatonist), a, 288 

Mariotte, />. 59 

!MarsiUus Ficinus, a. 328 

Martianus Capella, «. 363 

Martyn, T. c. 329 

Matthioli, c. 293 

^Maupertuis, h, 99, 203, 242 

JMaycr, Tolaas, L 214, 480; c, 29, 53 

Mayo, Herbert, c, 425 

Mayow, c. 130 

Mazeas, 5. 383; c, 18 

JSPCullagli, Professor, b, 448, 460 

Meckel, c, 463 

Melloni, 6, 493 


IRenelaus, a, 208 

Mei-senne, 6. 32, 53, 55, 65, 136, 
302, 317 
Messa, c. 394 
JSIetoii, a, 128 
>leyranx, c, 459 
Michael Scot, a, 308 
Michell, c. 501 
Michelotti, b. 70 
JMiller, Professor, c. 217 
IVIilton, a, 262, 389 ; 5. 53 
Mitsclierlich, c. 220 
MoIjs, c. 207, 213, 237 
JMondino, c. 394 
Monge, c. 127 
:Moniiet, c. 498 
JMonnier, c, 16 
AFonteiro, c. 217 
Montfau^on, «. 255 
JSForin, a, 406 
^Forison, c. 295 
Moro, T^azzaro, c. 607 
Morveau, (Liyton dc, c. 132, 138 
Mosotti, c, 39 
Miuiro, c, 445 
Murchison, c. 530 
Muschcnbroek, b, 503 

Napier, «. 391, 437 
Naiulanis, a, 308 
Nauinann, c, 249 

Newton, b. 58, 68, 73, 77 , 02, 153, 
155, 158, 165, 175, 183, 203, 
256, 311, 321, 352, 368, 373, 
379,395,472; c, 429 
Nicephorus Jileininydes, a, 274 
Nicholas de Cusa, a, 367 
Nicoinachus, «. 102 
Nigidius Figulus, a, 296 
Nobili, b, 493 
Nollet, c. 13 
Nordcnskidld, c. 246 
Norman, c. 47 
Norton, 6. 37 
Niiina, a. 122, 365 

Odoardi, c, 503, 507 
Oersted, Professor, c, 77 
(Eyenhausen, c, 635 
Oken, Professor, c. 447 
Gibers, b. 232 
Oi-pheiis, a, 287 
Osiaiider, a. 378 
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Ott, 5. 478 

Otto Guericke, o, 9, 13 
Ovid, c. 491 

Pabst von 01 lain, c. 231 
Packo, c. 498 
Pallas, c, 445, 503 
Papin, b, 515 
Pappus, a, 241 
Paracelsus, a, 308 ; c, 107 
Pardies, b. 354 
Pascal, b. 03 

Pauliis III., Pojie, a. 377 

Pecquet, c. 408 

Pcpys, 6. 191 

Perrier, b. 06 

Peter of Apono, «. 308 

Peter Pungo, a, 293 

Peter Damien, a, 316 

Peter the Lombard, a. 317 

Peter de Vincis, a. 326 

Petit, b. 485, 533 

Petrarch, a, 328 

Philip, Dr. Wilson, o. 410 

Phillips, William, c. 207, 234, 623 

Philolaus, a. 362 

Pliotius, a. 276 

Piazzi, b, 232 

Picard, b. 101, 260, 267, 311 
Piccolomini, b. 46 
Pictet, b, 507 

Piciis of iMirandula, a. 308, 328 
Plana, b, 107 
Playfair, b. 192 

Pliny, «. 178, 239, 295; c. 191, 258, 
204 

Plotinus, a. 270, 284 

Plumier, c, 291 

Plutarch, a. 61, 366 

Poisson, b. 107, 117, 323, 328, 527; 

c. 32, 55, 502 
Polemarchus, a. 101 
Poncelet, 6. 70 
Pond, b. 277 

Pontanus, Jovianus, c. 416 
Pontdcoulant, b, 107 
Pope, b, 196 
Porphyry, a. 272, 275 
Posidonius, a. 212 
Potter, Mr. Richard, b. 453, 460 
Powell, Prof., b. 455, 460, 493 
Provost, Pierre, 6. 474 
Provost, Constant, c. 611 
Prichard, Dr., c. 483, 676 


Priestley, o. 123, 126, 134 
Proclus, a. 269, 276, 288, 291, 298 
Prony, b. 70, 516 
Proust, <?. 115 
Prout, Dr., c. 152, 410 
Psollus, a. 275 
Ptolemy, a. 214; b, 290 
Ptolemy Kuergetes, «. 200 
Purbach, a. 426 
Pythagoras, a. 24, 63, 137, 291 
Pythcas, a. 199 

Quetelet, b. 460 

Raleigh, c. 289 
Ramsden, b. 268 
Ramus, a. 327, 429 
Raspc, c. 506, 509 
Ray, c. 297, 360 
Raymund Lully, «. .308 
Reaumur, c. 497 
Recchi, c. 290 
Redi, c. 444 
Reinhold, «. 381 
Rennie, Mr. George, A. 71 
Rhecdo, c, 290 
Rheticus, «. 376, 380 
Riccioli, «. 406 ; b. 55, 

Richman, b, 473 ; c, 19 

Richter, c. 146 

Riffault, r. 175 

Riolan, c. 399 

Rivinus, c. 301 

Rivius, a, 350 ; b, 28 

Robert Grostete, a. 258, 308 

Robert of Lorraine, «. 258 

Robert Marsh, a. 258 

Roberval, 6. 311 

Robins, b, 56 

Robinson, Dr., b. 277 

Robison, A. 508, 515; c. 29 

Roger Bacon, a. 258, 308, 339, 241 

Rohault, b, 138 

Romd de Lisle, r. 195, 108, 205 

Riiiner, b. 257, 281, 311 

Rondelet, c. 359 

Roscoe, c. 339, 340 

Ross, Sir John, c. 48 

Rothman, a, 372 

Rouelle, c. 502, 507 

Rousseau, c. 328 

Rudberg, b. 456 

Ruellius, c. 272 

Rufus, c. 387 
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Rumphe« o, 290 

Saluces, Ill 

Salusbury, a, 391 

Salviani, c, 359 

Santbach, b. 27 

Santorini, c, 424 

Saron, b. 231 

Savart, b. 323, 330; c. 80 

Savile, a. 270 

Saussure, b. 520 ; c, 503 

Sauveur, b. 304,317 

Scheclo, c. 123 

Schelling, b. 357 

Sclilottheim, c. 505, 514 

Schmidt, c, 516, 564 

Schomberg, Cardinal, a. 377 

Schweigger, c, 89 

Schwerd, b. 452 

Scilla, c. 494 

Scot, Michael, c. 270 

Scropc, Mr. Poulett, c. 555 

Sedgwick, Professor, o, 535, 540 

Scdillot, M., «. 228 

Seebeck, Dr., b, 375,386; c. 90 

Segner, b, 109 

Seneca, a. 210, 363; b. 63, 66 

Sergius, «. 278 

Servetus, c, 395 

Sextus Empiricus, a, 251 

S’Gravesande, b, 88 

Shai*pe, 5. 517 

Sherard, c, 291 

Simon of Genoa, c. 270 

Simplicius, a. 269, 273 

Sloane, c. 291, 329 

Smith, Mr. Archibald, b, 460 

Smith, Sir James Ed wal’d, c, 330 

Smith, William, c. 507, 516 

Snell, b, 347 

Socrates, c. 390 

Solomon, a. 309 ; c. 260 

Sorge, b, 319 

Sosigenes, a. 122, 210 

Southern, 5. 517 

Sowerby, c. 614 

Spallanzani, c. 410 

Spix, c. 447 

Sprengcl, c, 440 

Stahl, c. 1 1 6 

Siancari, b. 304 

Steno, c. 193, 494, 502 

Stephanas, c. 394 

Stevinusj b, 15, 46, 61 


Stillingfleet, c. 330 
Stobmus, a, 276 
Stokes, c. 593 
Strabo, a. 268 ; c. 263, 607 
Strachey, c, 601 
Stukeley, c. 601 
Svanberg, b, 484 
Siirian, c. 291 

Sylvester II. (Pope), a. 257* 308 
Sylvius, c, 108, 394, 396 
Symmer, c. 22 
Syncellus, «. 121 
Synesius, «. 206 

Tacitus, «. 294 
Tartalca, b. 13, 20, 27 
Tartini, d. 319 

Taylor, Prook, b. 85, 110, 307 
'IVhong-Kang, a» 162, 199 ^ 
Telaugc, a, 291 
Teniieiiiann, «. 311 
Thales, «. 24, 26, 37, 143 
3’hcbit, a, 308 j 
Thenard, c. 141 
Theodore Mctochytes, a. 274 
Theodosius, 207 
Theophrastus, a. 271; o. 258, 261, 
275 

Thomas Aquinas, «. 308, 318, 
826 

'i'houison, Dr., c. 149, 152 
Tiberius, a, 297 
Timocharis, a. 167 
I'orricelli, b, 48, 52, 65, 67 
Tourncfort, c. 301, 417 
Tostatus, a. 256 
Potaril, Cardinal, a. 327 
Tragus, c. 276 
Trithcmius, «. 308 
Troughton, b. 268 
Turner, c. 152 

Tycho Brahe, a. 422, 432 ; b. 346 

Vaillant, Sebastian, c. 417 
Vallisneri, o. 494 
Van Ilclmont, c. 107 
Varignon, b, 59; c. 409 
Varolius, c. 424 

Varro, Michael, b, 10, 17, 30, 39 
Vesalius, c, 392, 394, 423 
Vicq d’Azyr, c. 424, 445 
Vieussens, o, 425 
Vincent, 5. 77 

Vincent of Beauvais, o. 270 
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Vinci, Leonardo da, A 122; c. 493, 
COG 

Virgil (bishop of Salzburg), a. 266 

Virgil (a necromancer), a, 309 

Vitellio, 6. 345 

Vitruvius, a. 348, 350 ; b. 296 

Viviani, b. 49, 53 

Voet, b. 135 

Voigt, c, 441 

Volta, c. 68, 72 

Voltaire, b. 89, 203 

Voltz, c. 534 

Von Kleist, c. 14 

Ubaldi, A 10 

Ulugh Heigh, a. 226 

Ungern-Stemberg, Count, c. 554 

Uranus, a. 278 

Ure, Dr., b. 617 

Usteri, c, 440 

Wallerius, b. 505 ; 1 97 

Wallis, a, 391; b, 63, 67, 132, 146, 
317 

Walmesley, b» 218 
Warburton, b. 196 
Ward, Seth, a, 391 ; 5. 146 
Wargentin, b. 220 
Watson, c. 12, 16, 22 
Weber, Ernest and William, b. 329 
Weiss, Prof, c. 210, 213 
Wells, A 610, 619; o. 73 
Wenzel, c. 146 


Werner, c. 197, 224, 231, 504, 615, 
519, 603 

Wlieatstono, b, 329 
Wheler, c. 291 
Whewcll, b. 250 ; c. 216 
Whiston, b. 195 
Wilke, 6. 600 ; c. 18, 25 
Wilkins (Bislioii), ff. 390; b. 40, 146 
William of Hirsangen, a. 258 
Willis, Rev. Robert, a. 343; b, 324, 
335 

Willis, Thomas, c. 423, 427 
Willoughby, c. 3(>0, 362 
Wolf, Caspar Frederick, c» 439 
Wolff, b. 88, 502 

AVolIaston, b. 365, 367, 369, 385; 
e. 149, 207 

Woodward, c. 496, 500, 602 
Wren, u. 391 ; b. 67, 146, 190 
Wright, b. 209 

Xantlms, c. 268 

Yates, c. 48 

Young, Thomas, b. 71, 329, 402, 
426, 431 

Zabarella, a, 324 
Zach, b, 233 
Zeiddler, A 616 
Ziegler, ^.516 
Zimmerman, c. 564 
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Aberration, h , 258 
Absolute and relative, a, 48 
Accelerating force, b, 32 
Achromatism, b, 3G3 
Acid, c. 109 
Acoustics, b. 304 

Acronycal rising and setting, a. 146, 
and errata 

Action and reaction, h , 58 
Acuation, c, 107 
Acumination, c. 197 
Acute harmonics, ^.317 
yEtiology, c. 482 
Affinity (in Chemistry), c. 113 
Affinity (in Natural Ilistory), c. 363 
Agitation, centre of, 6. 81 
Alidad, a. 231 
Alincations, a. 192 
Alkali, c. 109 
Almacantai's, a. 231 
Almagest, «. 214 
Almanac, «. 231 
Alphonsine tables, a. 225 
Alternation (of formations), c. 541 
Amphoteric silicides, c . 250 
Analogy (in Natural Ilistory), a. 
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“A JUST story of learning, containing tlie antiquities and originals 
of KNOAVLEDGES, aiid tlicii* sccts; tlioir inventions, their traditions, 
their divei^se administrations and inanagings; their flourisliings, their 
oppositions, decays, depressions, oblivions, rcniovos; Avith the causes 
and occasions of them, and all other events concerning learning, 
througliout all ages of the Avorld; I may truly alfirm to be AV'anting. 

The use and end of Avhich work I do not so mucli design for 
curiosity, or satisfaction of those that are the lovers of leaniing : but 
chiefly for a more serious and gi’ave pui’pose; wliicli is this, in few 
words, that it will make learned men more Avise in the use and 
administration of learning.” 


Bacon, Advancement of Learning^ book ii. 



INTRODUCTION. 


It is rny purpose to write tlie history of some of 
the most im})ortant of the physical sciences, from 
the earliest to the most recent periods. I shall 
thus have to trace some of the most remarkable 
branches of human knowledge, from their first 
genn to their growth into a vast and varied assem- 
blage of undisputed truths; from the acute, but 
fruitless, essays of the early Greek philosophy, to 
the comprehensive systenis, and demonsti-atcd gene- 
raliziitions, which compose such sciences as the 
Mechanics, Astronomy, and Chemistry, of modern 
times. 

The completeness of historical vieAv Avhich belongs 
to such a design, consists, not in accumulating all 
the details of the cultivation of each science, but 
in marking clearly the larger features of its forma- 
tion. The historian must endeavour to point out 
how each of the important advances was made, by 
W'hich the sciences have reached their present posi- 
tion; and when and by whom each of the valuable 
truths was obtained, of which the aggregate now 
constitutes a costly treasure. 


B 2 
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Such a task, if fitly executed, must have a well- 
founded interest for all those who look at the exist- 
ing condition of human knowledge with complacency 
and admiration. The present generation finds itself 
the heir of a vast patrimony of science; and it must 
needs concern us to know the steps by which these 
]K)Ssessions were acquired, .and the documents by 
which they are secured to us and our boil’s for ever. 
Our specie!?, from the time of its cre.ation, has been 
travelling onwards in pursuit of truth; and now 
that we have reached a lofty and commanding posi- 
tion, with the bro<ad light of day around us, it must 
be grateful to look back on the line of our past 
progress; — to review tlu; journey, begun in early 
twilight amid primeval wilds; for a long time con- 
tinued with slow advance and obscure prospects; 
and gradually and in later days followed along more 
open and lightsome paths, in a Avide and fertile 
region. The liistorian of science, from early periods 
to the present times, may hope for favour on the 
score of the mere snlject of his narrative, and in 
virtue of the curiosity which the men of the present 
day may naturally feel res|)ecting the events and 
persons of his story. 

But such a survey m.ay possess also an interest 
of another kind; it may be instructive as well as 
agreeable; it may bring before the reader the present 
form and extent, the future hopes and prospects of 
science, as well as its past progress. The eminence 
on which we stand may enable us to see the land 
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of promise, as well as the wilderness through which 
we have passed. The examination of the steps hy 
which our ancestors acquired our intellectual estate, 
may make us acquainted with our exi)ectations as 
well as our possessions ; — may not only remind us 
of what Ave have, hut may teach us how to improve 
and increase otir store. It will be univereally ex- 
pected that a history of Inductive Science should 
point out to us a philosojdiical distribution of the 
existing body of 'knowdedge, and afford us some 
indication of the most promising mode of directing 
our future efforts to add to its extent and complete- 
ness. 

To deduce such lessons from the past history of 
human knowledge, was the intention which originally 
gave rise to the present wmrk. Nor is this portion 
of the design in any measure abandoned ; but its 
execution, if it take place, must be attempted in a 
separate and future treatise, On the Philosophy of 
Inductive Science, An essay of this kind may, 1 
trust, from the jirogress already made in it, be laid 
before the public at no long interval after the pixjsent 
history. 

Though, therefore, many of the principles and 
maxims of such a work will disclose themselves 
with more or less of distinctness in the course of 
the history on which w’e are about to enter, the 
systematic and complete exposition of such prin- 
ciples must be reserved for this other treatise. My 
attemiits and reflections have led me to the opinion 
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that justice cannot be done to the subject without 
such a division of it. 

To this future work, then, I must refer the 
reader who is disposed to require, at the outset, a 
precise explanation of the terms which occur in my 
title. It is not possible, without entering into this 
philosophy, to explain adequately how science which 
is Inductive diffei's from that which is not so ; or 
why some portions of hiowhdge may properly be 
selected from the general mass and termed Science. 
It will be sufficient at present to say, that the 
j, sciences of which we have here to treat, are those 
which are commonly known as the Phyaical Sciences; 
and that by Itiduction is to be. understood that pro- 
cess of collecting general truths from the examination 
of particular facts, by which such sciences have been 
foiTOed. 

There are, how'ever, two or three remarks, of 
which the application wdll occur so frequently, and 
will tend so much to give us a clearer view of some 
of the subjects which occur in our histor}', that I 
will state them now in a brief and general manner. 

Pacts and Ideas . — In the first place, then, I re- 
mark, that, to the formation of science, two things 
are requisite; — facts and ideas ; observation of things 
without, and an inward effort of thought; or, in 
other words, sense and reason. Neither of these 
elements, by itself, can constitute substantial general 
knowledge. The impressions of sense, unconnected 
by some rational and speculative principle, can only 
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end in a practical acquaintance with individual 
objects ; the operations of the rational faculties, on 
the other hand, if allowed to go on without a con- 
stant reference to external things, can lead only to 
empty abstraction and barren ingenuity. Real 
speculative knowledge demands the combination of 
the two ingredients; — right reason, and facts to 
reason upon. It has been Avell said, that true know- 
ledge is the interpretation of nature; and thus it 
requires both the interpreting mind, and nature for 
its subject ; both the document, and the ingenuity 
to read it aright. Thus 'invention, acuteness, and 
connexion of thought, are necessary on the one 
hand, for the progress of |)hilosophical knowledge ; 
and on the other hand, the precise and steady 
application of these faculties to facts well known 
and clearly conceived. It is easy to point out 
instances in which science has failed to advance, in 
consequence of the absence of one or other of these 
requisites; indeed, by far the greater part of the 
course of the world, the history of most times and 
most countries, exhibits a condition thus stationary 
with respect to knowledge. The facts, the im- 
pressions on the senses, on which the firet successful 
attempts at physical knowledge proceeded, were as 
well known long before the time wdien they were 
thus turned to account, as at that period. The 
motions of the stars, and the effects of weight, were 
familiar to man before the rise of the Greek astro- 
nomy and mechanics : but the “ diviner mind” was 
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still absent;' tli<& act of thought had not been > 6*- 
erted, by which these fects were bound together 
under the form of laws and principles. And even 
at this day, the tribes of uncivilized and half-civilized 
man over the whole face of the earth, have before 
their eyes a vast body of facts, of exactly the same 
nature as those with which Europe has built the 
stately fabric of her physical philosophy; but, in 
almost every other part of the earth, the process of 
the intellect by which these facts become science, is 
unknown. The scientific faculty does not work. 
The scattered stones are indeed there, but the 
builder’s hand is wanting. And again, we have no 
lack of proof that the mere activity of thought is 
equally ineflEicient in producing real knowledge. 
Almost the whole of the career of the Greek schools 
of philosophy ; of the schoolmen of Europe in the 
middle ages; of the Arabian and Indian philoso- 
phers; shows us that we may have extreme ingenuity 
and subtlety, invention and connexion, demonstra- 
tion and method ; and yet that out of these germs, 
no physical science may be developed. We may 
obtain, by such means, logic and metaphysics, and 
even geometry and algebra ; but out of such mate- 
rials we shall never form mechanics and optics, 
chemistry and physiology. How impossible is the 
formation of these sciences without a constant and 
careful reference to observation and experiment ; — 
how rapid and prosperous may be their progress 
when they draw from such sources the materials on 
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which-the mind of the phiiosopher employs itself ; — 
the history of those branches of knowledge for the 
last three hundred years abundantly teaches us. 

Accordingly, the existence of clear ideas applied 
to distinct facts will be disceniible in the History of 
Science, whenever any marked advance takes place. 
And, in tracing the progress of the various provinces 
of knowledge which come under our survey, it will 
be important for us to sec, that, at all such epochs, 
such a combination has occuiTed ; that whenever 
any material stop in general knowledge has beeri 
niado,-r»-whenever any philosophical discovery arrests 
our attention ; — some man or men come before us, 
who have possessed, in an eminent degree, a clear- 
ness of the ideas which belong to the subject in 
question, and who have a})plied such ideas in a 
vigorous and distinct manner to ascertained facts 
and exact observations. We shall never proceed 
through any considerable range of our narrative, 
without having occasion to remind the reader of 
this reflection. 

Successive steps in Science . — But there is another 
remark which w'e must also make. Such sciences 
as we have here to do with, are, commonly, not 
formed by one single act ; — they are not completed 
by the discovery of one great principle. On the 
contrary, they consist in a long-continued advance ; 
a series of changes ; a repeated progress from one 
principle to another, different and often apparently 
couti’adiotory. Now, it is important to remember 



10 


HISTORY OF INDUCTIVE SCIENCES. 


that this contradiction is apparent only. The prin- 
ciples which constituted the triumph of the pre- 
ceding stages of the science, may appear to be sub- 
verted and ejected by the later discoveries, but in 
fact they are, (so far as they were true,) taken up 
into the subsequent doctrines and included in them. 
They continue to be an essential part of the science. 
The earlier traths are not expelled but absorbed, 
not contradicted but extended ; and the history of 
each science, which may thus appear like a succes- 
sion of revolutions, is, in reality, a series of deve- 
lopements. In the intellectual, as in the material 
world, — 

Oinniu niutantur nil intcrifc 

Nec manet ut fuerat ncc formas sorvat casdom, 

Sed tamen ipsa eadem est. 

All changes, nought is lost ; the forms arc changed, 

And that which has been is not what it was. 

Yet that which has been is. 

Nothing which was done is useless or unessential, 
though it ceases to be conspicuous and ])riinaiy. 

Thus the final form of each science contains the 
substance of each of its preceding modifications ; 
and all that was at any antecedent period discovered 
and established, ministers to the ultimate develope- 
ment of its proper branch of knowledge. Such 
previous doctrines may require to be made precise 
and definite, to have their superfluous and arbitrary 
portions expunged, to be expressed in new language, 
to be taken up into the body of science by various 
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processes ; — but they do not on such accounts cease 
to be true doctrines, or to form a portion of the 
essential constituents of our knowledge. 

Terms recmd Discmm’ies . — ^The modes in which the 
earlier trutlis of science are preserved in its later 
forms, are indeed various. From being asserted at 
first as strange discoveries, such tniths come at last to 
be implied as almost self-evident axioms. They are 
recorded by some familiar maxim, or perhaps by some 
new word or phrase, which forms part of the current 
language of the philosophical ivorld; and thus asserts 
a principle, while it appears merely to indicate a tran- 
sient notion ; — preserves as w'ell as exi)resses a truth ; 
— and, like a medal of gold, is a treasure as well as a 
token. We shall frc(iuently have to notice the man- 
ner in which great discoveries thus stamp their im- 
press upon the terms of a science ; and, like great 
political revolutions, are recorded by the change of 
the current coin which has accompanied them. 

Generalization. — 1'he great changes which thus 
take ])lace in the history of science, the revolutions 
of the intellectual world, have, as a usual and lead- 
ing character, this, that they are steps of generalizor 
tion ; — transitions from particular truths to others of 
a wider extent, in which the former are included. 
This progress of knowledge, from individual facts to 
univei’sal laws, — from particular propositions to 
general ones, — and from these to others still more 
general, with reference to which the former generit- 
lizations are particular, — is so far familiar to men’s 
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minds, that witliout here entering into further ex- 
planation, its nature will be understood sufficiently 
to projiare the reader to recognise the exemplifica- 
tions of such a process, which he Mill find at every 
step of our advance. 

Indwtive Epochs ; Preludes ; Sequels . — In our his- 
tory, it is the progress of knowledge only which we 
have to attend to. This is the main action of our 
drama ; and all the events viiich do not bear upon 
this, though they may relate to the cultivation and 
the cultivators of philosophy, are not a necessary 
part of our theme. Our narrative will therefore 
consist mainly of successive steps of genemlization, 
such as have just been mentioned. But among 
these, we shall find some of eminent and decisive 
importance, which have more peculiarly influenced 
the fortunes of physical philoso})hy, and to which 
M'e may consider the rest as subordinate and auxi- 
liary. These primary movements, when the Induc- 
tive process, by M’hich science is formed, has been 
exercised in a more energetic and powerful manner, 
may be distinguished as the Inductive Epochs of 
scientific history; and they deserve our more exr 
press and pointed notice. They are, for the most 
part, marked by the great discoveries and the great 
philosophical names which all civilized nations have 
agreed in admiring. But, when we examine more 
clearly the history of such discoveries, wo find that 
these epochs have not occuired suddenly and with- 
out prepp.ration. They have been preceded by a 
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period, which wo may call their during 

which the ideas and fiicts on which they turned 
were called into jiction ; — were gradually evolved 
into clearness and connexion, permanency and cer- 
tainty ; till at last the discovery which marks the 
epoch, seized and fixed for ever the truth which had 
till then been obscurely and doubtfully discerned. 
And again, when this step has been made by the 
j)riucipal discoverers, there may generally be ob- 
served another 2>eriod, which we may call the Sequel 
of the epoch, during which the discovery has acquired 
a more perfect certainty and a more complete de- 
yolopement among the leaders of the advance ; has 
been diffused to the wider throng of the secondary 
cultivators of such knowledge, and traced into its 
distant consequences. This is a work, always of 
time and labour, often of difficulty and conflict. To 
distribute the history of science into such epochs, 
with their preludes and sequels, if successfully 
attempted, must needs make the series and con- 
nexion of its occurrences more distinct and intel- 
ligible. Such periods form resting-places, where w'e 
pause till the dust of the confused march is laid, and 
the prospect of the path is clear. 

Indmtive Charts . — Since the advance of science 
consists in collecting by induction geneml laws fi’om 
particular facts, and in combining several laws into 
one higher generalization, in which they still retain 
their former truth, we might form a Chart, or Table, 
of the progress of each science, by setting down the 
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particulars which thus flow together, so as to form 
general truths, and marking the junction of these 
general truths into others more comprehensive. 
The table of the progress of any science would thus 
resemble the map of a river, in which the waters 
from separate sources unite and make rivulets, which 
again meet with rivulets from other fountains, and 
thus go on forming by their junction trunks of a 
higher and higher order. The representation of the 
state of a science in this form, would necessarily 
exhibit all the princij»al doctrines of the science ; 
for each general truth contains the particular truths 
from which it was derived, and may be followed 
backwards till we have these before us in tbeir sej)a- 
rate state. And the last and most advanced gene- 
ralization would have, in such a scheme, its ]iroper 
place and the evidence of its validity. Hence such 
an Inductive Tulle of each science would afford a 
criterion of the correctness of our di.stribution of the 
inductive epochs, by its coincidence with the views 
of the best judges, as to the substantial contents of 
the science in question. By forming, therefore, such 
Inductive Tables of the princijial sciences of which 
I have here to speak, and by regulating by these 
tables, my views of the history of the sciences, I 
conceive that I have secured the distribution of my 
history from material eiTor ; for no merely arbitrary 
division of the events could satisfy such conditions. 
But though I have constructed such charts to direct 
the courst' of the present history, I shall not insert 
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them in the work, reserving them for the illustration 
of the philosophy of the subject ; for to this they 
more properly belong, being a part of the Logic of 
Induction. 

Statimwury Periods . — By the lines of such maps 
the real advance of science is depicted, and nothing 
else. But there are several occurrences of other 
kinds, too interesting and too instructive to be alto- 
gether omitted. In order to understand the condi- 
tions of the progress of knowledge, we must attend, 
in some measure, to the failures as well as the suc- 
cesses by which such attempts have been attended. 
When we reflect during how small a portion of the 
whole history of human speculations, science has 
really been, in any marked degree, progressive, we 
must needs feel some curiosity to know Avhat was 
doing in these statmiary i)eriods ; what held could 
be found which admitted of so wide a deviation, or 
at least so protracted a wandering. It is highly 
necessary to our purpose, to describe the baffled 
enterprises as well as the achievements of human 
speculation. 

Deduction . — During a great part of such stationary 
periods, wo shall find that the process which we have 
spoken of as essential to the formation of real science, 
the conjunction of clear ideas with distinct facts, was 
interrupted ; and, in such cases, men dealt with ideas 
alone. They employed themselves in reasoning from 
principles, and they arranged, and classified, and 
analysed their ideas, so as to make their reasonings 
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satisfy the requisitions of our rational fauuUi^ 
This process of drawing conclusions from our prin- 
ciples, by rigorous and unimpeachable trains of 
demonstration, is termed Deduction. In its due 
place, it is a highly important part of every science ; 
but it has no value when the fundamental principles, 
on which the whole of the demonstration rests, have 
not first been obtained by the induction of facts, so 
as to supply the sole materials of substantial truth. 
Without such materials, a series of demonstrations 
resembles physical science only as a shadow resem- 
bles a real object. To give a real significance 
our propositions. Induction must provide what De- 
duction itself cannot supply. From a pictured hook 
we can only hang a pictured chain. 

Distinction of comment Notions and Scientific Ideas . — 
When the notions with which men are conversant 
in the common course of practical life, which give 
meaning to their familiar language, and employment 
to their hourly thoughts, are comjiared with the 
ideas on which exact science is founded, we find that 
the two classes of intellectual operations have much 
that is common and much that is different. With- 
out here attempting fully to explain this relation, 
(which, indeed, is one of the hardest problems of our 
philosophy,) we may observe that they have this in 
common, that both are acquired by acts of the mind 
exercised in connecting external impressions, and 
may be employed in conducting a train of reasoning ; 
or, speaking loosely, (for we cannot here pursue the 
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subject so ns to arrive at philosophical exactness,) 
we may say, that all notions and ideas arc obtained 
by an inductive, and may be used in a deductive 
process. But scientific ideas and common notions 
differ in this, that the former are precise and stable, 
the latter vague and ambiguous; the former are 
possessed with clear insight, and employed in a sense 
rigorously limited, and always identically the same; 
the latter have grown up in the mind from a thou- 
sand diverse and obscure suggestions, and the ob- 
scurity and inconsistency of their origin hangs about 
all their applications. Scientific ideas can often be 
adequately exhibited for all the purposes of reason- 
ing, by means of definitions and axioms ; all 
attempts to reason by means of definitions from 
common notions, lead to empty forms or entire 
confusion. 

Such common notions are suflicient for the 
common practical conduct of human life ; but man 
is not a practical creature merely; he has within 
him a speculative tendency, a pleasure in the con- 
templation of ideal relations, a love of knowledge as 
knowledge. It is this speculative tendency which 
brings to light the difference of common notions 
and scientific ideas, of which wo have spoken. The 
mind analyses such notions, reasons upon them, 
combines, constructs, infers ; for it feels that intel- 
lectual things ought to be able to bear such handling. 
Even practical knowledge, we see clearly, is not 
possible without the reason; and the sjieculative 
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reason is only the reason satisfying itself of its own 
consistency. Tliis speculative faculty cannot bo 
controlled from acting. The mind cannot but claim 
a right to speculate concerning all its own acts and 
creations ; yet, when it exercises this right upon its 
common practical notions, avc find that it runs into 
barren abstractions and ever-recurring cycles of 
subtlety. Such notions are like watere naturally 
stagnant, and however much wo urge and agitato 
them, they only revolve in stationaiy whirlpools. 
But the mind is capable of ac(iuiring scientific ideas, 
which are fitted to undergo this discussion and im- 
pulsion. When our speculations are duly fed from 
the spring-heads of observation, and often drawn off’ 
to the region of applied science, we may have a 
living stream of consistent and ])rogressive know- 
ledge. That science may be both I’eal as to its 
import, and logical as to its fonn, the examples of 
many existing sciences sufficiently prove. 

School Philosophy. — AVhile, however, attem[»ts arc 
made to form sciences, wdthout such a verification 
and realization of their fundamental ideas, there is, 
in the natural series of speculation, no self-correcting 
principle. A philosophy constructed on notions 
obscure, vague, and unsubstantial, and not arrested 
in its career by the want of correspondence between 
its doctrines and the actual train of physical events, 
may long subsist, .and occupy men’s minds. Such a 
philosophy must depend for its pennanence upon 
the ])]easure which men feel in ti'acing the ojierations 
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of their own and other men’s minds, and in reducing 
them to logical consistency and systematical ar- 
rangement. 

In these cases the subjects of attention are not 
external objects, but speculations previously deliver- 
ed ; the object is not to interjuet nature, but man’s 
mind. The opinions of the masters are the facts 
which the disciples endeavour to reduce to unity, or 
to follow into consequences. A series of speculators 
who pursue such a course, may properly be termed 
a School, and their philosophy a School Philosophy ; 
whether their agreement in such a mode of seeking 
knowledge arise from personal communication and 
tradition, or be merely the result of a community of 
intellectual chameter and propensity. The two 
great periods of school philosophy (it will be recol- 
lected that we are here directing our attention mainly 
to physical science), were that of the Greeks and 
that of the middle ages, — the period of the first 
waking of science, and that of its mid-day slumber. 

What has been said thus briefly and imperfectly, 
would require great detail and much exjilanation, to 
give it its full significance and authority. But it 
was proper to state so much in this place, in order 
to render more intelligible and more instructive at 
the first aspect, the view of the attempted or efibeted 
progress of science. It is, perhaps, a disadvantage 
inevitably attending an undertaking like the present, 
that it must set out with statements so metai>hy- 
sical, and, it may be, repulsive ; and must give them 
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without adequate developement and proof. Such 
an introduction may be compared to the geographical 
sketch of a country, with which the historian of its 
fortunes often begins his narration. So much of 
metaphysics is as necessary to us as such a portion 
of geography is to the historian of an empire ; and 
what has hitherto been said, is intended as a slight 
outline of the geography of that intellectual world, 
of which we have here to study the history. 

To that history wo now proceed. 
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T/9 yap ap'xja Se^aro vavTi\ca<f; 

Tl^ Sk KLvSvvof; KparepOL^; aZapuav-^ 

To^ Syjcrey a\oi<^; 

'EttcI S*6pb^6\ov 

KpejLLacrav ayKvpa<^ virepOev 
Xpvcriav '^(^eipeaa-L XayScov <f>LaKav 
^Ap'x^o^ ev TTpvfjuva Traref^' OvpavcSdv 
^ Ey'^€LKepavvov Zrjvaj Kal coKviropov^ 

KvpLarcov phra^, avepuwv t i/cdXety 
NvKTU^ T€f /cal TTOVTOV K€\€vdoV^y 
^Apard T evcfypova^ /cal 
^CKlav vocrroLo /xolpav. 

PiNDAii. Pi/ih, iv. 124, 349. 

Whence came their voyage ? them what peril hold 
Witli adamantine rivets firmly bound ? 

But soon as on the vessel’s bow 
The anclior was hung up. 

Then took the Leaders on the prow 
In hands a golden cup. 

And on gi’oat fatlier Jove did call. 

And on the winds and waters all, 

Swept by the hurrying blast ; 

And on the nights, and ocean ways, 

And on tlie fair auspicious days, 

And loved return at last. 



BOOK 1. 


HISTORY OP TTIK GREEK SCHOOL PJIILOSOPHY, WITH 
REFERENCE TO PHYSICAL SCIENCE. 


CHAPTER I. 

Prelude ix) the Greek School Piiilosopiiy. 


Scd. 1. — Fir.st AtkmpU of the Speculative FacuJty in 
Phy>iicnl Im/uiries. 

At an early period of Iiistory there ap^wared in nieii 
a propensity to speculative inquiries concerning the 
various parts and projierties of the material world. 
What they saw excittsl them to ineditatcs to con- 
jecture, and to reason : they endeavoured to account 
for natural events, to trace their causes, to reduce 
them to their juinciples. This habit of mind, or, 
at least that modification of it which xve have here 
to consider, seems to have been first unfolded 
among the Greeks. And during that obscure intro- 
ductory interval which elapsed while the speculative 
tendencies of men were as yet hardly disentangled 
from the practical, those who were most eminent in 
such inquiries were distinguished by the same term 
of praise which is applied to sagacity in matters of 
action, and werci called mse men — <ro0o/'. But 
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when it came to be clearly felt by such persons that 
their endeavours were suggested by the love of 
knowledge, a motive different from those which lead 
to the wisdom of active life, a name was adopted of 
a more appropriate, as well as of a more modest 
signification, and they were termed philosopJm's, or 
lovers of wisdom. This appellation is said ' to have 
been first assumed by Pythagoras. Yet he, in 
Herodotus, instead of having this title, is called, a 
powerful sophist— EXX'^vcoy ov Tto aaOevetTruToi a-o<^i<Trt} 
Uvffayopp^; the historian using this word, as it would 
seem, without intending to imply that misuse of 
reason which the term afterwards came to denote. 
The historians of literature place Pythagoras at the 
origin of the Italic school, one of the two main linos 
of succession of the early Greek philosophers : but 
the other, the Ionic school, which more peculiarly 
demands our attention, in consequence of its cha*-| 
racter and subsequent progress, is deduced from 
Thales, who preceded the ago of philosophy, and 
was one of the sophi, or “ wise men of Greece.” 

The Ionic school was succeeded in Greece by 
several others ; and the subjects which occupied the 
attention of these schools became very extensive. 
In fact, the first attempts were, to form systems 
which should explain the laws and causes of the 
material universe ; and to these were soon added all 
the great questions which our moral condition and 

' Cio. Tusc. V. 3. “ Herod, iv. 95. 
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fsiculties suggest. The physical philosophy of these 
schools is especially deserving of our study, as- 
exhibiting the character and fortunes of the most 
memorable attempt at universal knowledge which 
has ever been made. It is highly instructive to 
trace the principles of this undertaking ; for the 
course pursued was certainly one of the most 
natural and tempting which can be imagined ; the 
essay was made by a nation unequalled in fine 
mental endowments, at the period of its greatest 
activity and vigour; and yet it must be allowed, 
(for, at least so far as idiysical science is concerned, 
none will contest this,) to have been entirely unsuc- 
cessful. We cannot consider otherwise than as an 
utter failure, an endeavour to discover the causes of 
things, of which the most complete results are the 
Aristotelian physical treatises; and which, after 
reaching the point which these treatises mark, left 
the human mind to remain stationary, at any rate on 
all such subjects, for nearly two thousand years. 

The early philosophers of Greece entered upon 
the work of physical speculation in a manner which 
showed the vigour and confidence of the question- 
ing spirit, as yet untamed by labours and reverses. 
It: was for later ages to learn that the man must 
acquire, slowly and patiently, letter by letter, the 
alphabet in which nature wiites her answeis to such 
inquiries ; the first students wished to divine, at a 
single glance, the whole import of her book. They 
endeavoured to discover the origin and principle of 
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the universe ; according to Thales, water was the 
origin of all things, according to Anaximenes, air; 
and Heraclitus considered Jire as the essential prin- 
ciple of the universe. It has been conjectured, 
with great plausibility, that this tendency to give to 
their philosophy the form of a cosmogony, was 
owing to the influence of the poetical cosmogonies 
and theogonies which had been jiroduccd and ad- 
mired at a still earlier age. Indeed, such wide and 
ambitious doctrines as those which have been men- 
tioned, were better suited to the dim magnificence 
of poetry, than to the puipose of a philosojdiy which 
was to bear the sharp scrutiny of reason. When 
we speak of the principles of things, the term, even 
now, is very ambiguous and indefinite in its import, 
but how much more was that the case iji the firet 
attempts to use such abstractions ! The term which 
is commonly used in this sense signified at 

first the hcffimiing; and in its early philoso])hical 
applications implied some obscure mixed reference 
to the mechanical, chemical, organic, and historical 
causes of the visible state of things, besides the 
theological views wliich at this j)eriod were only just 
beginning to be separated from the physical. Hence 
we are not to bo sur])rised if the sources from which 
the opinions of this period ap])ear to bo derived are 
rather vague suggestions ami casual analogies, than 
any reasons which wiU bear examination. Aristotle 
conjectures, with considerable probability, that the 
doctrine of Thales, according to which water w'as 
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the universal element, resulted from the manifest 
importance of moisture in the support of animal 
and vegetable life’. But such precarious analyses 
of these obscure and loose dogmas of early antiquity 
are of small consequence to our object. 

In more limited and more definite examples of 
curiosity concerning the causes of natural appear- 
ances, and in the attempts made to satisfy these, vre 
appear to discern a more genuine prelude to the 
true spirit of physical inquiry. One of the most 
remarkable instances of this kind is to be found in 
the speculations which Herodotus records, relative 
to the cause of the floods of the Nile. “ Concern- 
ing the nature of this river,” says the father of his- 
tory*, “ I was not able to learn anything, cither from 
the priests or from any one besides, though I ques- 
tioned them very pfessingly. For the Nile is 
flooded for a hundred days, beginning with the 
summer solstice ; and after this time it diminishes, 
and is, during the whole winter, very small. And 
on this head I was not able to obtain anything satis- 
factory from any one of the Egyptians, when I asked 
what is the i)ower by which the Nile is in its nature 
the reverse of other rivers.” 

We may see, I think, in the historian’s account, 
that the Grecian mind felt a craving to discover the 
reasons of things which other nations did not feel. 
The Egyptians, it appears, had no theory, and felt 


’ Metaph. i. 3. 


* Herod, ii. It). 
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the want of none. Not so the Greeks; they had 
their reasons to render, though they were not such 
as satisfied Herodotus. “ Some of the Greeks,” he 
says, “ who wish to be considered great philosophers, 
('EXXt/veoy rtve? e7rt<7Jj/iot ySowXo/ievoi yeveaBat 
have propounded three ways of accounting for these 
floods. Two of tliem,” he adds, “ I do not think 
worthy of record, except just so far as to mention 
them.” But as these are some of the earliest Greek 
essays in physical jdiilosojdiy, it will be u^orth while, 
even at this day, to preserve the brief notice he has 
given of them, and his own reasonings upon the 
same subject. 

“ One of these opinions holds that the Etesian 
winds [which blew from the north] are the cause of 
these floods, by preventing the Nile from flowing 
into the sea.” Against this the historian reasons 
very simply and sensibly. “Very often when the 
Etesian winds do not blow, the Nile is flooded 
nevertheless. And moreover, if the Etesian winds 
were the cause, all other rivers, which have their 
course opposite to these winds, ought to undergo 
the same changes as the Nile ; which the rivers of 
►Syria and Libya so circumstanced do not.” 

“ The next opinion is still more unscientific, 
{aveTna-TijfjLoveffTepri) and is, in truth, marvellous for 
its folly. This holds that the ocean flows all round 
the earth, and that the Nile comes out of the ocean, 
and by that means produces its effects.” “ Now,” 
says the historian, “ the man who talks about this 
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ocean-river, goes into the region of fable, where it 
is not easy to demonstrate that he is wrong. I know 
of no such river. But I suppose that Homer or 
some of the earlier poets invented this fiction and 
introduced it into their poetry.” 

He then proceeds to a third account, which to a 
modern reasoner would appear not at all unphilo- 
sophical in itself, hiit which he, nevertheless, rejects 
in a manner no less decided than the others. “ The 
third opinion, though much the most jdausible, is 
still more wrong than the others ; for it asserts an 
impossibility, namely, that the Nile proceeds from 
the melting of the snow. Now the Nile flows out 
of Libya, and through Ethioi)ia, which arc very hot 
countries, and thus comes into Egypt, which is a 
colder region. How then can it proceed from 
snow?” He then offers several other reasons “to 
show,” as he says, “ to any one capable of reasoning 
on such subjects {av^pL ye Xoyl^eaOai roiovrcav 'trepi 
oiM re eovTt), that the assertion cannot be true. The 
winds which blow from the southern regions are 
hot; the inhabitants are black; the swallows and 
kites (iKTivoi) stay in the country the whole year ; 
the cranes fly the colds of Scythia, and seek their 
warm winter-quarters there; which would not be 
if it snowed over so little.” He adds another reason, 
founded apparently u2>on some limited cmjjirical 
maxim of weather-wisdom taken from the climate 
of Greece. “ Libya,” he says, “ has neither min nor 
ice, and therefore no snow ; for, in five days after a 
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fell of snow there must bo a fell of rain; so that if 
it snowed in those regions it must rain too.” I need 
not observe that Herodotus was not awaro of the 
difference between the climate of high mountains 
and plains in a torrid region ; but it is impossible 
not to be struck both with the activity and the co- 
herency of thought displayed by the Greek mind in 
this primitive physical inquiry. 

But I must not omit the hypothesis which Hero- 
dotus himself proposes, after rejecting those wliich 
have been already given. It does not appear to mo 
easy to catch his exact meaning, but the statement 
will still be curious. “ If,” he says, “ one who has 
condemned opinions previously i)romulgated may 
put forwards his own opinion concerning so obscure 
a matter, I will state why it seems to me that the 
Nile is flooded in summer.” This ojdnion he j)ro- 
pounds at first with an oracular brevity, which it is 
difficult to suppose that he did not intend to be 
impressive. “ In winter the sun is carried by the 
seasons away from his fonner course, and goes to 
the upper parts of Libya. And there, in short, is 
the whole account; for that region to ivliicli this 
divinity (the sun) is nearest, must naturally be most 
scant of M'ater, and the riv(?r-sources of that country 
must be dried up.” 

But the lively and gai-rulous Ionian immediately 
relaxes from this apparent reserve. “ To explain 
the matter more at length,” he proceeds, “ it is thus. 
The sun, when he traverses the iqiper parts of Libya, 
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does what he commonly docs in summer ; — ^he draws 
the water to him eir' kmvrov TO vBap) and 

having • thus drawn it, he pushes it to the upper 
regions (of the air probably,) and then the winds 
take it and disperse it till tliey melt in moisture. 
And thus the winds which blow from those coun- 
tries, Libs and Notus, are the most moist of all 
winds. Now when the winter relaxes and the sun 
returns to the nortli, he still dmw’s water from all 
the rivers, but they are increased by showers and 
rain-torrents, so that they are in flood till the 
summer comes ; and then, the rain failing and the 
sun still drawing them, they become small. But 
the Nile, not being fed by mins, but being drawn 
by the sun, is, alone of all rivers, mneb more scanty 
in the winter than in the .summer. For in summer 
it is (Imwn like all other rivers, but in winter it 
alone has its sup])lies shut u]). And in this way, I 
have been led to think the sun is the cause of the 
occurrence in question.” We may remark that the 
historian here ap])ears to ascribe the inequality of 
the Nile at diflerent seasons to the influence of the 
sun u])on its springs atone, the other cause of change, 
the rains, being hero excluded : and that, on this 
supjiosition, the same relative eftects would be ])ro- 
duced whether the sun increase the sources in winter 
by melting the snows, or diminish them in summer 
by what he calls drawing them upwards. 

This specimen of the early efforts of the Greeks 
in physical s])eculations, a]>pears to me to speak 
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Strongly for the opinion that their philosophy on 
such subjects was the native growth of the Greek 
mind, and owed nothing to the supposed • lore of 
Egypt and the East ; an opinion which has been 
adopted with regard to the Greek philosophy in 
general by the most competent Judges on a full 
survey of the evidence*. Indeed, we have no evi- 
dence whatever that, at any period, the African or 
Asiatic nations, (with the exception perhaps of the 
Indians,) ever felt this importunate curiosity with 
regard to the definite application of the idea of 
cause and eflfect to visible phenomena ; or drew so 
strong a line between a fabulous legend and a reason 
rendered ; or attempted to ascend to a natiiral caiise 
by classing together phenomena of the same kind. 
Wo may be well excused, therefore, for believing 
that they could not impart to the Greeks what they 
themselves did not possess ; and so far as our survey 
goes, physical philosophy has its origin, ajiparently 
spontaneous and independent, in the active and 
acute intellect of Greece. 

Sect. 2 . — Primitive Mistake in Greek Physical 
Philosayhy. 

We now proceed to examine with what success the 
Greeks followed the track into wliich they had thus 
struck. And here we are obliged to confess that 

’ Tlurlvvall, //ifi. G'/-., ii. 1.30; and, as there quoted, Ritter, 
(ieschichle dcr Philosophie, i. l.'iO — 173. 
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they very soon turnofl aside from tlie right road to 
truth, and deviated into a vast field of error, in 
which they and their successors have wandered al- 
most up to the present time. It is not necessary 
here to decide why those faculties which appear to 
be bestowed upon us for the discovery of truth, were 
permitted by Providence to fail so signally in 
answering that purpose; whether, like the powers 
by which we seek our happiness, they involve a 
responsibility on our part, and may be defeated by 
rejecting the guidance of a higher faculty ; or 
whether these endowments, though they did not 
immediately lead man to profound physical know- 
ledge, answered some nobler and better purpose in 
his constitution and government. The fact un- 
doubtedly was, that the physical philosophy of tlm 
Greeks soon became trifling and worthless ; and it 
is ju’oper to point out, as precisely as we can, in 
udvat the fundamental mistake consisted. 

To explain this, we may in the first place return 
for a moment to Herodotus’s account of the cause 
of the floods of the Nile. 

The reader will probably have observed a remark- 
able phrase used by Herodotus, in his own explana- 
tion of these inundations. He says that the sun 
draws, or attracts, the water ; a metaphorical tenn, 
obviously intended to denote some more general 
and abstract conce])tion than that of the visible 
oi>eration which the word primarily signifies. This 
abstract notion of ‘ drawing’ is, in the historian, as 
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we see, very vague and loose ; it might, with equal 
propriety, be explained to mean what we now un- 
derstand by mechanical or by chemical attraction, 
pressure, or evaporation. And in like manner, all 
the first attempts to comprehend the operations of 
nature, led to the introduction of abstract concej)- 
tions, often vague indeed, but not, therefore, un- 
meaning; such as motion and velocity, force and 
pressure, impetus and momentum (poTrrj). And the 
next step, in philosophizing, necessarily was to en- 
deavour to make these vague abstractions more clear 
and fixed, so that the logical faculty should be able 
to employ them securely and coherently. But there 
were two ways of making this attempt ; the one, by 
examining the words only, and the thoughts which 
they call up ; the other, by attending to the facts 
and things which bring these abstract tenns into 
use. The latter, the method of real inquiry, was 
the way to success; but the Greeks followed the 
former, the verbal or notional course, and failed. 

If Herodotus, when the notion of the sun’s at- 
tracting the waters of rivers had entered into his 
mind, had gone on to instruct himself by attention 
to facts, in what manner this notion could be made 
more definite, while it still remained applicable to 
all the knowledge which could be obtained, he would 
have made some progress towards a true solution of 
his problem. If for instance, he had tried to ascer- 
tain whether this attraction which the sun exerted 
iqion the waters of rivers, depended on his influence 
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at their fountains only, or was exerted over their 
whole course, and over waters which were not parts 
of rivers, he would have been led to reject his 
hypothesis, for he would have found, by observations 
sufficiently obvious, that the sun’s Attraction, as 
shown in such cases, is a tendency to lessen all ex- 
panded and open collections of moisture, wliether 
flowing from a spring or not ; and it would then be 
seen that this influence, operating on the whole 
surface of the Nile, must diminish it as well as 
other rivers, in Summer, and therefore could not 
be the cause of its overflow. He would thus have 
corrected his first loose conjecture by a real study 
of nature, and might, in the course of his medita- 
tions, have been led to available notions of Evapora- 
tion, or other natural actions. And, in like manner, 
in other cases, the rude attempts at explanation, 
which the first exercise of the sj^eculative faculty 
produced, might have been gradually concentrated 
and refined, so as to fiill in, both with the requisi- 
tions of the reason and tlie testimony of sense. 

But this was not the direction which the Greek 
speculators took. On the contrary ; as soon as they 
had introduced into their philosophy any abstract 
and general concej)tion8, they proceeded to scrutinize 
these by the internal light of the mind alone, with- 
out any longer looking abroad into the world of 
sense. They took for granted that philosophy must 
result from the relations of those notions which are 
involved in the common use of language, and they 
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proceeded to seek it by studying such notions. 
They ought to have reformed and fixed their usual 
conceptions by observation ; they only analysed and 
expanded them by reflection: they ought to have 
sought by trial, among the notions which passed 
through their minds, some one wliich admitted of 
exact application to facts ; they selected arbitrarily, 
and, consecjuently, erroneously, the notions according 
to which facts should be assembled and arranged : 
they ought to have collected clear fundamental ideas 
from the world of things by indacthe acts of thought ; 
they only derived results by deduction from one or 
other of their familiar conceptions. 

When this false direction had been extensively 
adopted by the Greek jdiilosophers, we may treat of 
it as the method of their Schools. Under that title 
we must give a further account of it. 
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CHAPTER II. 

The Greek School Philosophy. 


Sect. 1 . — The (jeim'al Foimdutmi of the Greek School 
Philosophy. 

The pliysical ])lnloso|)hy of tlie Greek Schools was 
formed by looking at the material world through 
the medium of that common language which men 
employ to answer the common occasions of life; 
and by adopting, arbitmrily, as the grounds of com- 
parison of tacts, and of inference from them, notions 
more abstract and large than those with which men 
are practically familiar, but not less vague and 
obscure. Such a philosophy, however much it 
might be systematized by classifyijig and analysing 
the conceptions which it involves, could not over- 
come the vices of its fundamental i)rinciple. But 
before speaking of these defects, we must give some 
indications of its character. 

The propensity to seek for principles in the com- 
mon usages of language may be discerned at a very 
early period. Thus we have an example of it in a 
saying which is reported of Thales, the founder of 
Greek philosophy'. When he was asked “ What is 
the greatest thing?” he replied, “ Place; for all other 

* PluL Conv. .Sept. Sap. Diog. Laert. i. 35. 
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tilings are hi the world, but the world is in it.” In 
Aristotle we have the consummation of this mode 
of speculation. The usual point from which he 
starts in his inquiries is, that we say thus or thus in 
common language. Thus, when he has to discuss 
the question, whether there be, in any part of the 
universe, a void, or space in which there is nothing, 
ho inquires first in how many senses we say that 
one thing is in another. He enumerates many of 
these* ; we say the part is in the whole, as the finger 
is in the hand ; again we say, the species is in the 
genus, as man is included in animal ; again, the 
government of Greece is in the king; and various 
other senses are described or exemplified, Imt of all 
these tlie most p'oper is when we say a thing is in a 
vessel, and generally in place. lie next examines 
what place is, and comes to this conclusion, that 
“ if about a body there be another body including 
it, it is in place, and if not, not.” A body moves 
when it changes its place; but he adds, that if 
Avater be in a vessel, the vesstd being at rest, the 
parts of the Avater may still move, for they are in- 
cluded by each other; so that Avhile the whole does 
not change its jilace, the jiarts may change their 
[daces in a circular order. Proceeding then to the 
((uestion of a void, he, as usual, examines the dif- 
ferent senses in which the term is used, and adopts, 
as the most proner, place withont matter; Avith no 
useful result, as aa'c shall soon see. 


* Physic. Au.se. iv. It. 
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Again", in a question concerning meclianical 
action, he says, “ When a man moves a stone by 
pushing it with a stick, we say both that the man 
moves the stone, and that the stick moves the stono, 
but the latter more p'opefrly" 

Again, we find the Greek philosophers applying 
themselves to extract their dogmas from the most 
general and abstract notions which they could detect ; 
for example, — from the conception of the Universe 
as One or as Many things. They tried to determine 
how far wc may, or must, combine with these con- 
ceptions that of a whole, of parts, of number, of 
limits, of j)lace, of beginning or end, of full or void, 
of rest or motion, of cause and effect, and the like. 
The analysis of such conceptions with such a view, 
occupies, for instance, almost the whole of Aristotle’s 
Treatise on the Heavens. 

The Dialogue of Plato, which is entitled Par- 
menides, appears at first as if its object were to show 
the futility of this method of philosophizing; for 
the j)hiloso])her whose name it bears, is represented 
as arguing Avith Aristotle, and, by a process of 
metaidiysieal analysis, reducing him at least to this 
conclusion, “ that whether One exist, or do not 
exist, it follows that both it and other things, with 
reference to themselves and to each other, all and in 
all respects, both arc and arc not, both appear and 
appear not.” Yet the method of Plato, so far as 
concerns truth of that kind with which w’c are here 

" Physic. Ausc. viii. 5. 
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concerned, »:is little ntow cffieficious than that of 
Jiis rivul. It consists mainly, as may be seen ill 
several of tlie dialogues, and especially in the 
Timseus, in the a})plieation of notions as loose as 
those of the Peripatetics ; for example, the concep- 
tions of the Good, the Beautiful, the Perfect ; and 
these are rendered still more arbitrary by assuming 
an acquaintance witli the views of the Creator of 
the universe. The ]>liilosopher is thus led to maxims 
which agree with those of the Aristotelians, that 
there can be no void, that things seek their own 
place, and the liko\ 

Another mode of reasoning, very widely applied 
in these attempts, was the doctrine of contrarioties, 
in which it was assumed, that adjectives or sub- 
stantives which are in common language, or in some 
abstract mode of conception, opposed to each other, 
must point at some fundamental antithesis in nature, 
which it is important to study. Thus Aristotle' 
says, that the Pythagoreans, from the contests 
which number suggests, collected ten |)rinciples, — 
fjirnited and Unlimited, Chid and Even, One and 
Many, Right and Left, Male and Female, Rest and 
Motion, Straight and Curved, Light and Darkness, 
(Jood and Evil, Square and Oblong. We shall see 
hereafter, that Aristotle himself dedu(*ed the dw- 
trine of four elements, and other dogmas, l)y oppo- 
sitions of th(‘ same kind. 


^ rinifnis, jn ^^0. 


^ Metaph. 1. o. 
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The physical speculator of the present day will 
learn without surprise, that such a mode of discus- 
sion as this, led to no truths of real or permanent 
value. The whole mass of the Greek philosophy, 
therefore, shrinks into an almost imperceptible com- 
pass, when viewed Mith reference to the progress of 
physical knowledge. Still the general character of 
this system, and its fortunes from the time of its 
founders to the overthrow of their authority, are not 
without their instru<^tion, and, it may be hoped, not 
without their interest. I proceed, therefore, to 
give some account of these doctrines in their most 
fully developed and permanently received form, that 
in which they were presented by Aristotle. 


Sect. 2 . — The Aristotelian Physical Philosophy. 

The principal ]ihysical treatises of Aristotle are, 
the eight Books of “ Physical Lectures,” the four 
Books “ Of the Heavens,” the two Books “ Of 
Production and Destruction :” for the Book “ Of the 
World” is now universally acknowledged to lie 
spurious ; and the “ Meteoi-ologics,” though full of 
[diysical explanations of natural {dienomena, does 
not exhibit the doctrines and reasonings of the 
school in so general a form ; the same may be said 
of the “ Mechanical Problems.” The treatises on 
the various subjects of Natural History, “ On Ani- 
mals,” “On the Parts of Animals,” “On Plants,” 
“On Physiognom(»nics,” “On Colours,” “On Sfmrid,” 
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contain an extraordinary accumulation of facts, and 
manifest a wonderful power of systematising; but 
are not works which expound principles, and there- 
fore do not require to be here considered. 

The Physical Lectures are the work concerning 
which a well-known anecdote is related by Sim- 
plicius, a Greek commentator of the sixth century, 
as well as by Plutarch. It is said, that Alexander 
the Great wrote to his former tutor to this effect ; 
“ You have not done well in publishing these 
lectures ; for how shall we, your pupils, excel other 
men, if you make that juiblic to all, which we learnt 
from you.” To this Aristotle is said to have replied ; 
“ My lectmes are published and not published ; they 
Avill be intelligible to'those who heard them, and to 
none beside.” This may very easily be a story in- 
scribed and circulated among those who found the 
work beyond their comprehension ; and it cannot be 
denied, that to make out the meaning and reasoning 
of every part, would be a tusk very laborious and 
difficult, if not impossible. But we may follow the 
import of a large portion of the work with sufficient 
clearness to apprehend the character and j)rinciples 
of the reasoning ; and this is what I shall endeavour 
to do. 

The authors introductory statement of his view 
of the nature of philosojdiy falls in very closely with 
what has been said, that he takes his facts and 
generalisations as they are im])lied in the structure 
of language. ‘-We must in all cases j)roceed,” he 
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says, “ from what is known to what is unknown.” 
This will not be denied ; but wo can hardly follow 
him in his inference. He adds, “ we must proceed, 
therefore, from universal to particular. And some- 
thing of this,” he pursues, “ may be seen in lan- 
guage ; for names signify things in a general and 
indefinite manner, as circle, and by defining we un- 
fold them into particulars.” He illustrates this by 
saying, “ thus children at first call all men father, 
and all M'omen mother, but afterw'ards distinguish.” 

In accordance with this view, he endeavours to 
settle several of the great questions concerning the 
universe, Avhich had been started among subtle and 
speculative men, by unfolding the meaning of the 
words and phi-ases which arc applied to the most 
general notions of things and relations. We have 
already noticed this method. A few examples will 
illustrate it further: — Whether there was or was 
not a void, or place without matter, had already been 
debated among rival sects of philosophers. The 
antagonist arguments were briefly these: — ^There 
must be a void, because a body cannot move into a 
space except it is empty, and therefore Avithout a 
void there could be no motion : — find, on the other 
hand, there is no void, for the intervals between 
bodies are filled with air, and air is something. 
These opinions had even been supported by reference 
to experiment. On the one hand, Anaxagoras and 
his school had shown, that air when confined, re- 
sisted compression, by scpieezing a blown bladder. 
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and pressing down an inverted vessel in the water ; 
on the other hand, it was alleged that a vessel fiill 
of fine ashes held as much water as if the ashes 
were not there, which could only be explained by 
supposing void spaces among the ashes. Aristotle 
decides that there is no void, on such arguments as 
this® : — In a void there could be no difference of up 
and down ; for as in nothing there are no differences, 
so there are none in a privation or negation ; but a 
void is merely a privation or negation of matter ; 
therefore, in a void, bodies could not move up and 
down, which it is in their nature to do. It is easily 
seen that such a mode of reasoning elevates the 
familiar forms of language and the intellectual con- 
nexions of terms, to a supremacy over facts ; making 
truth de])end upon whether terms are or are not 
privative, and whether we say that bodies fall 
naturally. In such a j)hilosopby every new result 
of observation would be compelled to conform to 
the usual combinations of })hrases, as they had been 
associated by the modes of aj)]>rehension j)reviously 
familiar. 

It is not intended here to intimate that the com- 
mon modes of apprehension, which are the basis of 
common language, are limited and casual. They 
imply, on the contmry, universal and necessary 
conditions of our perceptions and conceptions : thus 
all things are necessarily aj)|)rehcnde<l as existing 


'' IMiysil'. A use. iv. 7. p. 215. 
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in time and space, and as connected by relations of 
cause and effect ; and so far as the Aristotelian phi- 
losophy reasons from these assumptions, it has a 
real foundation, though even in this case the con- 
clusions are often insecure. We have an example 
of this reasoning in the eighth book^ where he 
proves that there never was a time in wliicli change 
and motion did not exist; “For if all things were 
at rest, the first motion must have been produced 
by some change in some of these things ; that is, 
there must have been a change before the first 
change and again, “ How can before and nftei' 
apply when time is not? or how can time be when 
motion is not ? If,” he adds, “ time is a numeration 
of motion, and if time be eternal, motion must be 
eternal.” But we have sometimes principles intro- 
duced of a more arbitrary character; and besides the 
general relations of thought, the inventions of pre- 
vious speculators arc taken for granted ; such, for 
instance, as the then commonly receive*! opinions con- 
ceniing the frame of the world. From the assertion 
that motion is eternal, ])roved in the manner just 
stated, Aristotle proceeds by a curious train of rea- 
soning, to identify this eternal motion with the 
diurnal motion of the heavens. “ There must,” he 
says, “ be something which is the first moved 
this follows from the relation of causes and effects. 
Again, “ motion must g*) on constantly, and, there- 


^ Physic. Ausc. viii. 1. p. 2.51. 
” riiysif. Ausc. viii. (5. p. 258. 
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fore, must be either continuous or successive. Now 
what is continuous is more properly said to take place 
constancy, than what is successive. Also the con- 
tinuous is better ; but we always suppose that which 
is better to take place in nature, if it be po.ssible. 
The motion of the first mover will, therefore, be con- 
tinuous, if such an eternal motion be possible.” We 
here see the vague judgment of better and worse 
introduced, as that of nakural and unnatural was 
before, into physical reasonings. 

I proceed with Aristotle’s argument". “ We have 
now, therefore, to show that there may be an infinite, 
single, continuous motion, and that this is circular.” 
Tills is, in fact, proved, as may readily be conceived, 
from the consideration that a body may go on per- 
petually revolving uniformly in a circle. And thus 
we have a demonstration, on the principles of this 
philosojdiy, that there is and must be a first mover, 
revolving eternally with a uniform circular motion. 

Though this kind of philosojiliy may ajipear too 
trifling to deserve being dwelt ujion, it is important 
for our purpose so far to excm])lify it, that we may 
afterwards advance, confident that we have done it 
no injustice. 

I will now pass from the doctrines relating to the 
motions of the heavens, to those which concern the 
material elements of the universe. And here it 
may be remarked that the tendency (of which we 
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are here tracing the developement) to extract specu- 
lative opinions from the relations of words, must be 
very natural to man ; for the very widely accepted 
doctrine of the four elements Mhich appears to be 
founded on the opposition of the adjectives hot and 
cold, wet and d/ry, is much older than Aristotle, and 
was probably one of the earliest of philosophical 
dogmas. The great master of this philosophy, how- 
ever, puts the opinion in a more systematic manner 
than his jjredecessors. 

“ We seek,” he says'", “ the principles of sensible 
things, that is, of tangible bodies. We must take, 
therefore, not all the contrarieties of quality, but 
those only which have reference to the touch. Thus 
black and white, sweet and bitter, do not differ as 
tangible qualities, and therefore must be rejected 
from our consideration. 

“ Now the contrarieties of quality which refer to 
the touch are these: hot, cold; dry, wet; heavy, 
light ; hard, soft ; unctuous, meagre ; rough, smooth ; 
dense, rare.” He then proceeds to reject all but the 
four first of these, for various reasons; heavy and 
light, because they are not active and passive quali- 
ties ; the others, because they are combinations of 
the four first, which therefore he infers to be the 
four elementary qualities. 

“ "Now in four things there are six combinations 
of two ; but the combinations of tw’o opposites, as 

l)e Gon. ct Corrupt ii. 2. " Hi. 3, 
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hot and cold, must be rejected ; we have, therefore, 
four elementary combinations, which agree with the 
four apparently elementary bodies. Fire is hot and 
dry ; air is hot and w^et (for steam is air) ; water is 
cold and wet, earth is cold and dry.” 

It msiy be remarked that this disposition to assume 
that some common elementary (juality mast exist in 
the cases in which we habitually apply a common 
adjective, as it began before the reign of the Aris- 
totelian philosophy, so also survived its influence. 
Not to mention otlier cases, it would be tliflicult to 
free Bacon’s Inquisitio in natitram calidi, “ Exami- 
nation of the nature of heat,” from the charge of 
confounding together very different classes of phe- 
nomena under the cover of the word hot. 

The rectification of these ojiinions concerning the 
elementary comj)ositlon of IxKlies belongs to an ad- 
vanced j)eriod in the history of physical knowledge, 
even after tin; revival of its progress. But there arc 
some of the Aristotelian doctrines which particularly 
deserve our attention, from the j)roiniuent .share they 
had in the very first beginnings of that revival, I 
mean the doctrines concerning motion. 

These are still founded upon the same mode of 
reasoning from adjectives; but in this case, the result 
follows, not only from the opposition of the words, 
but also from the distinction of their being absolutchj 
or relatively true. “ Former writers,” says Aristotle, 
“ have consi(!(>red heavy and light relatively only, 
taking cases, where both things have weight, but one 
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is lighter than the other; and they imagined that, 
in this way, they defined what was ahsoluidy {drrX(o<;) 
heavy and light.” We now know that things which 
rise by their lightness do so only because they are 
pressed upwards by heavier surrounding bodies ; 
and this assumption of absolute levity, which is evi- 
dently gratuitous, or ratlier merely nominal, entirely 
vitiated the whole of the succeeding reasoning. 
The inference was, that fire must be absolutely light, 
since it tends to take its place above the other three 
elements ; earth absolutely heavy, since it tends to 
take its place below fire, air, and water. The phi- 
losopher argued also, with great acuteness, that air, 
which tends to take its place below tiro and above 
water, must do so by Us nature, and not in virtue of 
any combination of heavy and light elements. “ For 
if air were composed of the parts which give fire its 
levity, joined with other parts which produce gravity, 
we might assume a quantity of air so large, that il 
should be lighter than a small quantity of fire, 
having more of the light parts.” It thus follows 
that each of the four elements tends to its own 
]>lPvCe, fire being the highest, air the next, water the 
next, and earth the lowest. 

The whole of this tmin of errors arises from fal- 
lacies which have a verbal oi-igin ; — from considering 
light as opposite to heavy; and from considering 
levity as a quality of a body, instead of as the eftect 
of surrounding bodies. 

It is worth while to notice that a difficulty which 

VOL. I. E 
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often embarrasses persons on their entrance upon 
pliysical si)ecuIations, — the difliculty of conceiving 
that np and dou’n are different direections in different 
places, — had been oom])letely got over by Aristotle 
and the Greek philosophers. Tliey were steadily con- 
vinced of tlie roundness of tlie earth, and saw that 
this tmth led to the conclusion that all heavy bodies 
tend in converging directions to the centre. And as 
the heavy tends to the centi’o, the light tends to the 
exterior, “ for exterior is opposite to centre as heavy 
is to light'*.” 

The tendencies of Ijodies downwards and up- 
wards, their weight, their fall, tlieir floating or sink- 
ing, were thus accounted for in a manner which, 
however unsound, satisfied the greater j»art of the 
speculative world till the time of Galileo and Stc- 
vinus, though Archimedes in the mean time ])ub- 
lished the true theory of floating bodies, which is 
very different from that above stated. Other parts 
of the doctrines of motion were delivered by the 
Stagirite in the same s|)irit and with the same suc- 
cess. The motion of a body which is thrown along 
the ground diminishes and finally ceases ; the motion 
of a body which falls from a height goes on becoming 
quicker and ([uicker ; this was accounted for on the 
usual principle of 0j)j)0siti(»n, by saying that the 
former is a violent, the latter a natural motion. And 
the later writers of this school exjiressed the charac- 
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tors of such motions in verse. The rule of natural 
motion was^'^ 

Principium tcpeat, medium cum fine calebit. 

Cool at the first, it warm and warmer glows. 

And of violent motion, the law was — 

Principium fervet, medium calet, ultima friget. 

Hot at the first, then liarely warm, then cold. 

It appears to have been considered by Aristotle a 
difficult prolilem to explain why a stone thrown 
from the hand continues to move for some time, and 
then stops. If the hand was tlie cause of the mo- 
tion, how could the stone move at all when left to 
itself? if not, why does it ever stop? And ho 
answers this difficulty by saying- ‘‘that there is a 
motion communicated to the air, the successive parts 
of which urge the stone onwards; and that each 
part of this medium continues to act for some while 
after it has been acted on, and the motion ceases 
when it comes to a particle which cannot act after 
it has ceased to be acted on.” It will be readily 
seen that the whole of this difficulty, concerning a 
body which moves forwards and is retarded till it 
stops, arises from ascribing the retardation, not to the 
real cause, the surrounding resistances, but to the 
body itself, to which the common forms of language 
attribute it, as the nominative of the verb “ move.” 

One of the doctrines which was the subject of the 
warmest discussion between the defenders and 

Alsted. Encyc. tom i. p. f)«7- Ausc. viii. 10. 
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opposers of Aristotle, at the revival of physical 
knowledge, was that in which he asserts'* “ That 
body is heavier than another which in an equal bulk 
moves downuard (juicker.” The opinion maintained 
by the Aristotelians at the time of Galileo was, that 
bodies fall quicker exactly in proportion to their 
weiglit. The master himself asserts tliis in express 
terms, and reasons upon it‘“. Yet in another ])assage 
hea})pears to distinguish between weight and actual 
motion downwards “In pliysics, wo call bodies 
heavy and lig-ht from their poioer of motion ; but 
these names are not apjdied to their actual opera- 
tions {evepyeiais:) excei»t any one thinks momentum 
{poTTTi) to be a word of both a])])lications. But 
heavy and light are, as it were, the embers or sparks 
of motion, and therefore j)roj)er to be treated of 
here.” 

The distinction just alluded to between power 
or faculty of action, and actual operation or energy, 
is one very frequently referred to l)y Aristotle; and 
though not by any means useless, may easily be so 
used as to lead to mere verbal refinements instead of 
substantial knowledge. 

The Aristotelian distinction of causes has not any 
very immediate bearing upon the parts of jdiysics 
of Avhich we have licre mainly spoken ; but it was 
so extensively accepted, and so long retained, that 
it may be proper to notice it‘“. “ One kind of 

Dc Ccelo, iv. 1, )>. .308. De CcrIo, iii. 2. 

Do CVlo, iv. ], p. 307. Phys. ii. 3. 
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cause is the matter of which any thing is made, as 
bronze of a statue, and silver of a phial ; another is 
the form and pattern, as the cause of an octave is 
the ratio of two to one ; again, there is the cause 
which is the origin of the ])roduction, as the father 
of the child ; and again, there is the end, or that 
for the sake of which anything is done, as health 
is the cause of walking.” These four kinds of cause, 
the material, the formal, the efficient, and the final, 
were long leading points in all specul.ative impiiries ; 
and our familiar forms of speech still retain traces of 
tlie inlluence of this division. 

It is my object here to jiresent to the reader in 
an intelligible shape, the principles and mode of 
reasoning of the Aiistotelian philosophy, not its 
results. If this were not the case, it would be easy 
to excite a smile by insulating some of the passages 
which are most remote from modern notions. I 
will only mention, as specimens, two such passages, 
both very remarkable. 

In the beginning of the book “ On tlie Heavens,” 
he proves'" the Avorld to be perfect, by reasoning of 
the following kind : “The bodies of which the world 
is comj)osed are solids, and therefore have three 
,dimensions ; now three is the most perfect number; 
it is the first of numbers, for of one we do not speak 
as a number ; of two we say both ; but three is the 
first number of which we say all; moreover, it has 
a beginning, a middle, and an end.” 


J)c C\kIo, i. I. 
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The reader will still perceive the verbal founda- 
tions of opinions thus supported. 

“ The simple elements must have simple motions, 
and thus fire and air have their natural motions 
upwards, and uater and earth have their natural 
motions downwards; but besides these motions, 
there is motion in a circle, which is unnatural to 
these elements, but wduch is a more perfect motion 
than the other, because a circle is a perfect line, and 
a sti-aio-ht line is not ; and there must be something 
to which this motion is natural, f'rom this it is 
evident,” he adds, with obvious animation, “ that 
there is some essence of body different from those 
of the four elements, more divine than those, and 
superior to them. If things which move in a circle 
move contrary to nature, it is marvellous, or rather 
absurd, that this, the unnatural motion, should alone 
be continuous and eternal; for unnatural motions 
decay speedily. 8o that from all this, we must 
collect, that besides the four elements wdiich W'c 
have here and about us, there is another removed 
far off, and the more excellent in proportion as it is 
more distant from us.” This fifth element Avas the 
“ f/ninta essentia” of after writers, of which we have 
a trace in our modern literature, in the word (/uintr 


essence. 
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Sect. 8 . — Technical Forms of the Greek Schools. 

We have hitherto considered only the princijde of 
the Greek Physics ; which was, as we liave seen, to de- 
duce its doctrines by an analysis of the notions which 
common language involves. But though the Grecian 
])hilosopher began by studying words in their common 
meanings, he soon found himself led to fix upon 
some S 2 )ecial shades or ap{)lications of these meanings 
as the permanent and standard notion, which they 
were to express ; that is, he made his language tech- 
nical. The invention and establishment of technical 
terms is an important step in any philosophy, true 
or false ; we must, therefore, say a few words on this 
])rocess, as exemplified in the ancient systems. 

1. Technical Forms of the Aristotelian Philosophy . — 
We have already had occasion to cite some of the 
distiuctiojis introduced, by Aristotle, wliich may be 
considered as technical ; for instance, the classification 
of causes as material, formal, efficient, and final; and 
the opposition of (jualities as absolute and relative. 
A few more of the most imjHU-tant examples may 
suffice. An analysis of objects into ?««/fc>’and form, 
when metaphorically extended from visible objects 
^ to things conceived in the most geuei’al manner, 
became an habitual hypothesis of the Aristotelian 
school. Indeed this meta]ihor is even yet one 
of the most significant of those which we can 
employ, to suggest one of the most com]irehensive 
and fundamental antitheses nith which philosophy 
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has to do ; — the opposition of the sense and reason, of 
impressions and laws. In this application, the Ger- 
man philosophers have, up to the present time, rested 
upon this distinction a great part of the weight of 
their systems ; as when Kant says, that space and 
time are the forms of sensation. Even in our own 
language, we retain a trace of the influence of this 
Aristotelian notion, in the word information, when 
used for that knowledge, which may be conceived as 
moulding the mind into a definite shape, instead of 
leaving it a mere mass of unimpressed susceptibility. 

Another favourite Aristotelian antithesis is that of 
poicm' and act {Bwafia, ivepyeia.) This distinction is 
made the basis of most of the ])hysical philosophy of 
the school; being, however, generally introduced 
with a peculiar limitation. Thus, light is defined to 
be “ the act of what is lucid, as far as it is lucid. 
Ami if,” it is added, “ the lucid be so in power but 
not in act, we have darkness.” The reason of the 
limitation, “ as far as it is lucid,” is, that a lucid body 
may act in other ways ; thus a torch may move as 
well as shine, but its moving is not its act as a lucid 
body. 

Aristotle appears to be well satisfied with this 
explanation, for he goes on to say, “ Thus light is not 
fire, nor any body whate^ er, or the emanation of any 
body, (for that would be a kind of body,) but it is the 
presence of something like fire in the body; it is, 
however, impossible that two bodies should exist in 
the same |)lace, so that it is not a body;” and this 
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reasoning appears to leave him more satisfied with 
his doctrine, that light is an energy or act. 

Blit we have a more distinctly technical form given 
to this notion. Aristotle introduced a word formed 
by himself, to express the act which is thus opposed 
to inactive jiowcr: this is the celebrated word 
evreXe^eta. Thus the noted definition of motion in 
the third book of the Physics is that it is “ the 
entelechy, or act, of a moveable body in respect of 
being moveable and the definition of the soul is 
that it is “ the entelechy of a natural body which has 
life, by reason of its power.” This wonl has been 
variously translated by the followers of Aristotle, 
and some of them have declared it imtranslateable. 
Act and action are held to be inadecpiate substitutes ; 
the very act, ipse cursics actionis is employed by some; 
primus is employed by many, but another school 
use primus actus of a non-operating form. Budacus 
uses efficada. Cicero** translates it “ quasi quandam 
continuatam motionein, et perennem but this para- 
phrase, though it may fall in with the description of 
the soul, which is the subject with which Cicero is 
concerned, does not ajipear to agree with the general 
applications of the term. Hermolaus Barbarus is said 
/ to have been so much oppressed with this difficulty 
of translation, that ho consulted the evil s])irit by 
night, entreating to be supplied with a more common 
and fixmiliar substitute for this word ; the mocking 


““ ]’hys. iii. J. 


" Tusf. i. 10. 
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fiend, however, suggested only a word equally obscure, 
and the translator, discontented with this, invented 
for himself the word perfcdihahia. 

We need not here notice the endless apparatus 
of technicalities which was, in later days, introduced 
into the Aristotelian philosophy; but we may remark, 
that their long continuance and extensive use show 
us how powerful technical ]ihraseology is, for the 
perpetuation either of truth or error. The Aristo- 
telian terms, and the meta])hysioal views which they 
tend to ])reserve, arc not yet extinct among us. In 
a very recent ago of our litemture it was thought 
a worthy employment by some of the gTeatest 
writers of the day, to attempt to exjiel this system 
of technicalities by ridicule. 

“ Cranibe regretted extremely that suhstnntial 
forim, a race ol' harmless beings, which had lasted for 
many years, and afforded a comfortable subsistence 
to many ]Joor philosojihers, should now be hunted 
down like so many wolves, Avithout a possibility of 
retreat. lie considered that it had gone much harder 
with them than with essences, which had retired from 
the schools into the apothecaries’ shops, wliere some 
of them had been advanced to the degree of quint- 
csenees^^. 

We must noAv say a few wor<ls on the technical 
terms which others of the Greek philosophical sects 
introducetl. 


Marti riu.s Hcriblorus, caj). vii. 
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2. Technical Forms of the Platcmists .- — ^The other 
sects of the Greek ])hiloso])hy, as well as the Aris- 
totelians, invented and adopted technical terms, and 
thus gave fixity to their tenets sind consistency to 
their traditionary systems ; of those I will mention 
a few. 

A technical expression of a contem[)orary school 
has acquired i)erhaps greater celebrity than any of 
the tenns of Aristotle. I mean the Ideas of Plato. 
The account which Aristotle gives of the origin of 
these will serve to explain their nature*’. “Plato,” 
says ho, “ who, iu his youth, was in habits of com- 
nuinication first with Cratylus and the TIeraclitean 
o})inious, which represent all the objects of sense as in 
a perpetual flux, so that concerning those no science 
nor cei'tain knowledge can exist, retained the same 
oj)inions at a later period also. AVdien, afterwards, 
Socrates treated of moral sidqects, and gave no 
attention to physics, but in the subjects which he 
did discuss, arrived at universal truths, and turned 
his thoughts to definitions, Plato adopted similar 
doctrines, and construc‘d them in this way, that these 
truths and definitions must be aj^plicable to some- 
thing else, and not to sensible things: for it was 
impossible, he conceived, that there should be a 
common definition of any sensible object, since such 
were always in a state of change. The things, then, 
which were the sidqects of universal truths he called 

.\rist. .Metaph. i. (). Tlit' wuiu aocount is rcitoatod, and 
lilt' suljt.'c't disiriisscd, lUt'tapIi. xii. 1. 
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ideas ; and held that objects of sense had their names 
according to them and after them ; so that things 
participated in that idea which had the same name 
as was applied to them.” 

In agreement with this, we find the opinions 
suggested in the Parmenides of Plato, the dialogue 
which is considei'cd by many to contain the most 
decided exposition of the doctrine of ideas. In this 
dialogue, Parmenides is made to say to Socrates, 
then a young man®*, “() Socrates, jdiilosophy has 
not yet claimed you for her own, as, in my judg- 
ment, she will claim you, and you will not dishonour 
her. As yet, like a young man as you are, you look 
to the opinions of men. But tell me this : it apjiears 
to you, as you say, that there are certain kinds or 
ideas (eiSv) of which things partake and receive ap- 
plications according to that of which they partake : 
thus those things which partake of likeness are called 
like; those things Avhich partake of {/reatness are 
called great; those things nliich partake of heaidy 
and justice are called heautifnl and jusiP To this 
Socrates assents. Ami in another part of the 
dialogue he shows that these ideas are not included 
in our common knowledge, from whence he infers 
that they are objects of the Divine mind. 

In the Plucdo the same* opinion is maintained, and 
is summed uj) in this way, by a reporter of the last 
conversation of Socrates” etmt rt eKaa-rov rcoy elSHv, 

Purnienid., j>. 131, n 0 r (I. ** Diado, j). 102, a b. 
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KaX TOVTOiv T (IWa /MeTaXafifidyovTct avT&v tovtcov tt/v 
evcoyvfiiav ccr^ety ; “ that each h'nd has an existence, 
and that other things partake of these kinds, and are 
called according to the kind of which they jiartake.” 

The inference drawn from this view was, that in 
order to obtain true and certain knowledge, men 
must elevate themselves, as much as possible, to 
these ideas of the rpialities which they have to con- 
sider ; and as things were thus called after the ideas, 
the ideas had a priority and pre-eminence assigned 
them. The n/m of good, beautiful, and wise, was the 
“ first good,” the “ first beautiful,” the “ first wise.” 
This dignity and distinction were ultimately carried 
to a largo extent. Those ideas were described as 
eternal and self-subsisting, forming an “ intelligible 
world,” full of jthe models or archotyi)es of created 
things. But it is not to our ])urpose here to con- 
sider the Platonic Ideas in their theological bearings. 
In jihysics they were a]i]died in the same form as in 
morals."^ The priiiiiiiii vulidtou, pvuHinn Ji'hjidton, 
were those ideas or fundamental principles by par- 
ticijiation of which, all things were hot or cold. 

This school did not much employ itself in the 
developement of its principles as applied to physical 
inquiries : but we are not without examples of such 
sjieculations. Plutarch’s Treatise Ilepi rov Tlpanov 
Wvxpov, “ On the First Cold” may be cited as one. 
It is in reality a discussion of a question which has 
been agitated in modern times also; — whetlier cold 
be a positive (juality or a mere privation. “ Is there. 
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O Favoriims,” ho begins, “ a first ])ower and essence 
of the Cold, as fire is of tlie Hot; by a certain pi’e- 
sence and participation of which all other things are 
cold : or is rather coldness a privation of heat, as 
darkness is of light, and rest of motion?” 

3. Technical Forms of the Pythaffo^'cans . — The 
Numbers of the Pythagoreans, when ])ropoundcd as 
the explanation of jiliysical idienoniena, as they were, 
are still more obscure than the ideas of the Plato- 
nists. There were, indeed, considerable resemblances 
in the way in which these two kinds of notions were 
spoken of. Plato called his ideas unities, monads; 
and as, according to him, ideas, so, according to the 
Pythagoreans, numbers, were the causes of things 
being what they are”". But there was this difference, 
that things shared the nature of the Platonic ideas 
“ by particijtation,” while they shared the nature of 
Pythagorean numbers “by imitation.” Moreover, 
the Pythagoreans followed their notion out into much 
grejitcr devolopement than any other school, in- 
vesting particular numbers with extraordinary attri- 
butes, and ap[)lying them by very strange and forced 
analogies. Thus tlu' number Four, to which they 
gave the name of TetrueUjs, Mas held to be the most 
perfect number, and Mas conceived to correspond to 
the human soul, in some way Miiich apjiears to be 
very imperfectly undorstiood by the commentators of 
this philosojdiy. 


Ari.sf. Mefaph. i. (). 
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It has been stated by a distinguished modem 
scllolar“^ that tlie jilaee whicli Pythagoras ascribed 
to his numbers is intelligible only by sujiposing that 
he confounded, first a numerical unit with a geo- 
metrical point, and then this with a material atom. 
But this criticism appears to place systems of jihysical 
philosophy umler recpiisitions too severe. If all the 
essential projierties and attributes of things were 
fully represented by the relations of number, the 
philoso])hy which sup|)lied such an ex})lanation of the 
universe, might well be excused from explaining also 
that existence of objects which is distinct from the 
existence of all their qualities and j)roperties. The 
Pythagorean love of numerical speculations might 
have been combined with the doctrine of atoms, and 
the combination might have led to results well worth 
notice. But so fiir as we are aware, no sucli com- 
bination was attempted in the ancient schools of 
philosophy ; and perhaps we of the present day are 
only just beginning to perceive, through the dis- 
closures of chemistry and crystallographj', the 
importance of such a line of inquiry. 

4. Technical Forms of the Atomists and Others . — 
The atomic doctrine, of which we have just sjioken, 
,was one of the most definite of the jihysical doctrines 
of the ancients, and was a])plied with most perse- 
verance and knowledge, to the explanation of phe- 
nomena. Though, therefore, it led to no success of 


Thirlwull’s lli.sf. (Ir. ii. l-lit. 
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any consequence in ancient times, it served to trans- 
mit, through a long series of ages, a habit of really 
physical inquiry; and on this account, has been 
thought worthy of an historical disquisition by 
Bacon 

The technical term, Atom, marks sufficiently the 
nature of the opinion. According to this theory, the 
world consists of a collection of simple particles, of 
one kind of matter, and of indivisible smallness, (as 
the name indicates,) and by the various configurations 
and motions of these, all kinds of matter and all 
material phenomena are produced. 

To this, the atomic doctrine of Leucippus and 
Democritus, Avas opposed the Ilomoiomeria of Anax- 
agoras ; that is, the opinion that material things con- 
sist of particles which arc homogeneous in each kind 
of body, but various in different kinds : and thus, for 
example, since by food the flesh aiid blood and bones 
of man increase, the author of this doctrine held that 
there are in food particles of flesh, and blood, and 
bone. As the former tenet points to the corpuscular 
theories of modern times, so the latter may be con- 
sidered as a dim gliin])se of the idea of chemical 
analysis. The Stoics also, who were, especially at a 
later period, inclined to materialist views, had their 
technical modes of sj)eaking on such subjects. They 
asserted that matter contained in itself tendencies or 
dispositions to certain forms, which dispositions 

*“ Parmcnidis ct Telosii et pra:cipue Deniocriti Pliilosophia, 
&c., works, vol. ix. 317- 
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they called \oyoL crTrepfjbariKoi, semiml propm^tim^, or 
reasons. 

Whatever of sound view, or right direction, there 
might be in the notions which suggested these and 
other technical expressions, was, in all the schools of 
philosophy (so far as physics was concerned), quenched 
and overlaid by the predominance of trifling and 
barren speculations ; and by the love of subtilizing 
and commenting upon the works of earlier writers, 
instead of attempting to interpret the book of nature. 
Hence these technical terms served to give fixity and 
permanence to the traditional dogmas of the sect, 
but led to no progress of knowledge. 

The advances which were made in physical science 
l)roceeded, not from these schools of philosojdiy, (if 
wo except, perhaps, the obligations of tlie science of 
harmonics to the Pythagoreans,) but from reasoners 
who followed an independent patli. The sequel of 
the ambitious ho})es, the vast schemes, the confident 
undertakings of the jdiilosophers of ancient Greece, 
was an entire failure in the physical knowledge of 
which it is our business to trace the liistory. Yet 
we are not, on that account, to tliink slightingly of 
these early speculators. They Mere men of extra- 
ordinary acuteness, invention, and range of thouglit ; 
and above all, they had the merit of first completely 
unfolding the speculative faculty ; — of starting in that 
keen and vigorous chase of knoM ledge, by Mhich all 
the subsequent culture and improvement of man’s 
intellectual stores have been occasioned. Tlie sages 


VOL. T. 


F 



00 


THE CIREEK SCHOOL VHILOSOrHY. 


of early Greece form the heroic age of science. Like 
the first navigators in tlieir own mythology, they 
boldly ventured their untried hark in a distant an<l 
arduous voyage, urged on by the hopes of a super- 
natural success ; and though they missed the ima- 
ginary gmlden jirize which tliey sought, they unlo(*ked 
the gates of distant regions, and opened the seas to 
the keels of the thousands of adventurers, who, in 
succeedihg times, sailed to and fro, to the indefinite 
increase of the mental treasures of mankind. 

But inasmuch as their attempts, in one sense, and 
at first, failed, Ave nmst proceed to ofter some account 
of this failure, and of its nature and causes. 



r,7 


CHAPTER III. 

Failure op the Physical Philosophy op the 
Greek Schools. 


Sect. 1 . — Result of the Greek School Philosophjj. 

The motliods and forms of pliilosoiihizing' whicJi wo 
liavc doseribed as employed by the Greek schools, 
failed altogether in their ajtplication to physics. No 
discovery of general laws, no explanation of special 
phenomena, rewarded tin? acuteness and boldness of 
these early students of nature. Astronomy, which 
made considerable progress during the existence of 
the sects of Greek {)hilosophers, gained perha])s 
something by the authority with which Plato taught 
the supremacy and universality of mathematical 
rule and order ; and the truths of harmonics, u Inch 
had probably given rise to the Pythagorean j)assion 
for numbers, were cultivated with much care by that 
school. But after these fii^st impulses, the sciences 
'owed nothing to the ]>hiloso])lucal sects; and the 
vast and complex accumulations and apparatus of 
the Stagirite do not appear to have led to any 
theoretical physical truths. 

This assertion hardly requires proof, since in the 
existing’ body of science then* are no doctrines for 

F 2 
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which we are indebted to the Aristotelian school. 
Real truths, when once established, remain to the 
end of time a i)art of the mental treasure of man, 
and may be discerned through all the additions of 
later days. But we can point out no physical doc- 
trine now received, of which we trace the anticipation 
in Aristotle, in the way in which we see the Co2)er- 
nican system anticipated by Aristarchus, the resolu- 
tion of the heavenly appearances into circular motions 
suggested by Plato, and the numerical relations of 
musical intervals ascribed to Pythagoras. But it 
may be worth while to look at this matter more 
closely. 

Among the works of Aristotle, are thirty-eight 
chapters of “ Problems,” which may serve to exem- 
plify the progress he had really made in the reduc- 
tion of phenomena to laws and causes. Of these 
Problems, a large proportion are physiological, and 
those I pass by, as not illustrative of the state of 
jdiysical knowledge. But those which are jiroperly 
physical are, for the most part, <piestions concerning 
such facts and difficulties as it is the peculiar busi- 
ness of theory to explain. Now it may be truly said, 
that in scarcely any one instance are the answei’s, 
which Aristotle gives to his questions, of any value. 
For the most part, indeed, he iiropounds his answer 
with a degree of hesitation or vacillation, which of 
itself shows the absence of all scientific distinctness 
of thought ; and the opinions so offered never ajipear 
to involve any settled or general jirinciple. 
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Wo may take, as examples of this, the problems 
of the simplest kind, where the principles lay nearest 
at hand, — the mechanical ones. “ Why,” lie asks’, 
“ do small forces move great weights by means of 
a lever, when they have thus to move the lever added 
to the weiglit ? Is it,” he suggests, “ because a gi’eater 
radius moves fiister ?” “ Why does a small wedge 

split great weights*? Is it l>ecause the wedge is 
composed of two opposite levers ?” “ Why“, when 

a man rises from a cliair, does he bend his leg and 
his body to acute angles with his thigh ? Is it be- 
cause a right angle is connected with equality and 
rest?” “ Why" can a man throw a stone further 
with a sling than with his hand ? Is it that when he 
throws with his hand ho moves the stone from rest, 
but Avhen he uses the sling he throws it alreadv in 
motion?” if a circle bo tlirown on tlic 

oToniul, does it first describe a straiglit line and tlien 
a si)iral, as it falls? Ts it that the air lirst presses 
ef|nally on the two sides and su]>])orts it, and after- 
wards presses on one side more?” ‘‘Why" is it 
difficult to distinguish a musical note from the octave 
above ? Ts it that ]>roportion stands in the jdace of 
equality?” It must be allowed that these are very 
/ vague and wortldess surmises ; for even if we were, 
as some commentators have done, to interju’et some 
of them so as to agree with sound philoso])Iiy, we 
should still be unable to ])oint out, in this author’s 

^ Mcdi. Prob. 4. * lb. 18. lb. 81. ^ lb. 13. 

* Uepi " llf/Ji Appov, M. 
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works, any clear or permanent apprehension of the 
general p.rinciplcs which such an interpretation 
implies. 

Thus the Aristotelian physics cannot be considered 
as otherwise than a complete failure. It collected 
no general laws from facts ; and consequently, when 
it tried to explain tacts, it had no jirinciples which 
were of any avail. 

The same may be said of the jihysical speculations 
of the other schools of philosophy. They arrived at 
no doctrines from which they could deduce, by sound 
reasoning, such facts as they saw ; though they often 
venture so far to trust their principles as to infer 
from them propositions beyond the domain of sense. 
Thus, the principle that each element seeks its own 
place, led to the doctrine, that, the place oflirelieing 
the highest, there is, above the air, a sphere of fire; 
of which doctrine the word empyrean, used by our 
poets, still conveys a reminiscence. The Pythagorean 
tenet that ten is a perfect number’, led them to assert 
that the heavenly bodies are in numlier ten ; and as 
nine only were known to thtun, they asserted that 
there was an antichtlion, or eounier-cartJi, on the 
other side of the sun, invisible to us. Their opinions 
respecting numerical ratios, led to various othei 
speculations concerning the distances and positions 
of the heavenly bodies : and as tlu'y had, in othei 
cases, found a connexion between ])roportions o 
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distance and musical notes, they assumed, on tliis 
suggestion, tlic music of the spheres. 

Although wo shall look in vain in the physical 
pliiloso])hy of the Greek schools, for any results more 
valuable than those just mentioned, we shall not be 
surprised to find, recollecting how much an admira- 
tion for classical antiquity has ])ossesscd the minds 
of men, that some writers estimate their claims 
much more highly than they are stated here. Among 
such writers we may notice Dutens, Avho, in 1760 , 
published his “ Origin of the Discoveries attrilnited 
to the Moderns ; in which it is shown that our most 
celebrated Philosophers have received the greatest 
])art of their knowledge from the Works of the 
Ancients.” Tiie thesis of this work is attempted 
to be proved, as we might expect, by very large 
interjiretations of the general phrases used by the 
ancients. Thus, when Timanis, in Plato’s dialog-ue, 
says of the Creator of the world”, “ that he infused 
into it two ])owcrs, the origins of motions, l)oth of 
that of the same thing, and of that of different things;” 
Dutens” finds in this a clear indication of the jno- 
jectile and attractive forces of modern science. And 
in some of the common declamation of the Pytha- 
goreans and Platonists, concerning the general pre- 
valence of numerical relations in the universe, he 
discovers their ac([uaintance with the law of the 
inverse square of the distance by which gravitation 
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is regulated, though he allows"* that it required all 
the penetration of Newton and his followers to 
detect this law in the scanty fragments by which it 
is transmitted. 

Argument of this kind is palpably insufficient to 
cover the failure of the Greek attempts at a general 
physical philosophy ; or rather we may say, that 
such arguments, since they are as good as can be 
brought in favour of such an opinion, show more 
clearly how entire the failure was. I proceed now 
to endeavour to point out its causes. 


Sect 2. — Ca/fse of the Failure of the Greek Physical 
Philosophy. 

The cause of the failure of so many of the at- 
tempts of tlie Greeks to construct physical science 
is so important, that we must endeavour to bring it 
into view here ; though the full developenient of 
such subjects belongs rather to the jihilosophy of in- 
duction. The subject must, at jireseut, be treated 
briefly only. 

I will first notice some errors which may natui'ally 
occur to the reader’s mind, as possible causes of 
failu'-o, but which, we shall be able to shoAv, were not 
the real reasons in this case. 

Tlie cause of failure was not the neylect of facts. 
It is often said that the Greeks disregarded experi- 
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ence, and spun their philosophy out of their own 
thoughts alone ; and this is supposed by many to be 
their essential error. It is, no doubt, true, that the 
disregard of experience is a phrase which may be so 
interpreted as to express almost any defect of philo- 
sophical method ; since the coincidence of all theory 
with experience is requisite to its truth. But if we 
fix a more precise sense on our terms, I conceive it 
may be shown that the Greek philosophy did, in its 
opinions, recognise the necessity and paramount 
value of observations; did, in its origin, proceed 
upon observed tacts ; and dkl employ itself to no 
small extent in classifying and arranging jdienomena. 
We must endeavour to illiistrate these assertions, 
because it is im])ortaut to show that these steps 
alone do not necessarily lead to science. 

1. The acknowledgment of experience as the 
main ground of physical knowledge is so generally 
understood to be a distinguishing feature of later 
times, that it may excite surprise to find that 
Aristotle, and other ancient philosophers, not only 
asserted in the most ]*ointed maimer that all our 
knowledge must begin from experience, but also 
stated in language much resembling the habitual 
pln-aseology of the most modern schools of jdnloso- 
])hlsing, that jiarticular facts must be collected ; that 
from these, general princijiles must be obtained by 
induction; and that these principles, when of the 
most general kind, are au'ioms. A few passages will 
show this. 
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“ The way ' ‘ must be the same,” says Aristotle, in 
speaking of the rules of reasoning, “ with respect to 
philosophy, as it is ivitli respect to any art or science 
whatever ; we must collect the facts, and the things 
to Avhich the facts happen, in each subject, and pro- 
vide as largo a supply of these as })0S8ible.” lie 
then proceeds to say that we are not to look at once 
at all this collected mass, but to consider small and 
definite portions. “ And thus it is the office of 
observation to supply principles in each subject ; for 
instance, astronomical observation su])])lies the prin- 
ciples of astronomical science. For the jdienomena 
being properly assumed, the astronomical demon- 
strations were from tlu‘se discovered. And the 
same ap])lies to every ait and science. So that if 
we take the tacts (ra vTrapxovra) belonging to each 
sulyect, it is our task to mark out clearly the course 
of the demonstrations. For if ?’« our naturnl hi, story 
{kuO' laropiav) we have omitted nothing of the facts 
and properties Avhich belong to the subject, we 
shall learn what we can demonstrate and what avo 
cannot.” 

These facts, ra vTrapxovra, he, at otlu'r times, in- 
cludes in the term .scn.sution. Thus he says'', “ It is 
obvious that if any sensation is Avanting, there must 
be also some knowledge Avanting which avo are thus 
prevented from having, since avo arriAe at knoAvledge 
eitlier by induction or by demonstration. Demon- 
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stration proceeds from universal propositions, induc- 
tion from particulars. But we cannot have universal 
theoretical propositions except from induction ; and 
we cannot make inductions without having sensa- 
tion ; for sensation has to do with particulars.” 

In another place after stating that principles 
must be prior to, and better known than conclu- 
sions, he distinguishes such ]n-inci})les into absolute, 
and relative to us ; “ such j)rincij)les, relative to u,s, 
are those which are nearer to the sensation ; but 
absolute ])rinci})les are those which are more remote 
from tlie sensation. The most general principles 
are the more remote, the more ])articular are nearer. 
The general principles which are necessary to know- 
ledge are a.riom.s'’ 

AVe may add to these passages, that in which he 
gives an account of the way in which Lcucij)i>us was 
led to the doctrine of atoms. After describing the 
opinions of some earlier philosophers, he says'^ 
“ Thus, proceeding in violation of sensation, and 
disregarding it, because, as they held, they must 
follow reason, some came to the conclusion that the 
universe was one, and infinite, and at rest. As it 
a]>j)eared, however, that tliough this ought to be by 
reason, it Mould go near to madness to hold such 
oj)inions as to the fact, (for no one M as ever so mad as 
to think tire and ice to be one,) Leuci|)pus, therefore, 
pursued a line of reasoning m IucIi M as in accordance 
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Avith sensation, and which was not irreconcilcable 
with the production and decay, the motion and mul- 
titude of things.” It is obvious that the school to 
which Leucippus belonged (the Eclectic) must have 
been, at least in its origin, strongly impressed with 
the necessity of bringing its theories into harmony 
with the observed course of nature. 

2. Nor was this recognition of the fundamental 
value of experience a mere profession. The Greek 
philosophy did, in its beginning, jnoceed uj)ou 
observation. Indeed it is obvious that the principles 
which it adopted were, in the first place, assumed in 
order to account for some classes of fircts, however 
imperfectly they might answer their purpose. The 
principle of things seeking their own places, was in- 
vented in order to account for the falling and float- 
ing of bodies. Again, Aristotle says, that heat is 
that Avhich brings together things of the same kind, 
cold is that Avhich brings together things Avhether of 
the same or of different kinds: it is plain that in 
this instance ho intended by his ])rinciple to explain 
some obvious facts, as the freezing of moist sub- 
stances, and the separation of heterogeneous things 
by fusion ; for, as he ad<ls, if fire brings together 
things which are akin, it will separate tliose which 
arc not akin. It M ouhl be easy to illustrate the 
remark further, but its truth is evident from the na- 
ture of the case ; for no ])rinciples could be accepted 
for a moment, which were the result of an arbi- 
trary caprice of the mind, and which were not in 
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some measure plausible, and apparently confirmed 
by facts. 

But the works of Aristotle show, in another way, 
how unjust it would be to accuse him of disregarding 
facts. Many large treatises of his consist almost 
entirely of collections of facts, as for instance, those 
“ On Colours,” “ On Sounds,” and the collection of 
Problems to which we have already refei-rcd ; to say 
nothing of the numerous collection of facts bearing 
on natural history and physiology, which form a great 
])ortion of his works, and are even now treasuries of 
information. A moment’s reflection will convince 
us that the physical sciences of our own times, for 
example, mechanics and hydrostatics, are founded 
almost entirely u])on facts with which the ancients 
wete as familiar as we are. The defect of their j)hi- 
loso])hy, therefore, wherever it may lie, exists neither 
in the speculative dejn'eciation of the value of facts, 
nor in the practical neglect of their use. 

8. Nor again, should we hit uj)on the truth, if we 
were to say that Aristotle and other ancient jdiiloso- 
phers, did indeed collect facts; but that they took no 
steps in classifying and comparing them ; and that 
thus they failed to obtain from them any general 
knowledge. For, in reality, the treatises of Aristotle 
which we have mentioned, are as remarkable for the 
pow’er of classifying and systematising which they 
exhibit, as for the industry shown in the accumula- 
tion. But it is not classification of facts merely 
which can lead us to knowledge, cxce])t ne ado])t 
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that special arrangement, Avliich, in each case, brings 
into view the principles of the subject. We may 
easily show how unprofitable an arbitrary or random 
classification is, however orderly and systematic it 
may be. 

For instance, for a long jicriod all unusual fiery 
appearances in the sky were classed together as 
meteors. Comets, shooting-stars, and globes of fire, 
and the aurora borealis in all its forms, were thus 
grouped together, and classifications of considerable 
extent and minuteness were j)ro])osed with reference 
to these objects. But this classification was of a 
mixed and arbitrary kind. Figure, colour, motion, 
duration, were all comliined as characters, and the 
imagination lent its aid, transforming these striking 
apjK'arances into fiery swords and sjiears, bears and 
dragons, armies and chariots. The facts so classified 
wore, notw itlistanding, worthless ; and would not 
have been one jot the less so, had they and their 
classes been ten times as nuincrons as they were. 
No rule or law' that w ould stand the test of obser- 
vation w'as or could be thus discovered. Such clas- 
sifications have, therefore, long been negleirted and 
forgotten. Even the ancient descriptions of these 
objects of curiosity are unintelligible, or unworthy of 
trust, because the spectators had no steady concejition 
of the usual order of such jihenoniena. For, how- 
ever much we may fear to be misled by jtreconceived 
opinions, the caprices of imagination distort our 
impressions far more than tlie anticipations of reason. 
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In this case men had, indeed we may say with regard 
to many of these meteors, they still have, no science : 
not for want of facts, nor even for want of classifica- 
tion of facts ; but because the classification was one 
in which no real principle was contained. 

4. Since, as we have said before, two tilings are 
reipiisite to science, — facts and ideas ; and since, as 
w.e have seen, facts were not wanting in the jdiysical 
speculations of the ancients, we are naturally led to 
ask. Were they then deficient in ideas? Was there a 
want among them of mental activity, and logical 
connexion of thought ? J3ut it is so obvious that 
the answer to this iucpiiry must be in the negative, 
that we need not dwell upon it. No one Avho 
knows anything of the history of the ancient Greek 
mind, can (piestion, that in acuteness, in ingenuity, 
in the power of close and distinct reasoning, they 
have never been surpassed. The common ojiinion, 
which considers this defect of their philosojiliical 
character to reside in the exclusive activity of such 
qualities, is at least so far just. 

5. We come back again, therefore, to the ques- 
tion, What was the radical and fiital defect in the 
physical speculations of the Greek philosojihical 
schools ? 

To this I answer: The defect was, that though they 
had in their possession facts and ideas, the ideas lecre 
not distinct and appropriate to the facts. 

The peculiar cliaractei*s of scientific ideas, which 1 
have endeavoured to express by sjieaking of them as 
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distinct and apjiropriate to the facts, must be more 
fully and fonnally set forth, Avlieii we come to the 
])hilosophy of the subject. In the mean time, the 
* reader will j^robably have no difficulty in conceiving 
that, for each class of facts, there is some special set 
of ideas, by means of which the facts can be included 
in general scientific truths; and that these ideas, 
which may thus be termed appropnate, must be 2)OS- 
sessed with entire distinctness and clearness, in ortler 
that they may be successfully ai)])lied. It was the 
want of sucli ideas, having a reference to material 
jdienomena, uhich rendered the ancient philosophers, 
with very few exceptions, helpless and unsuccessful 
speculators on jdiysical subjects. 

This must be illustrated by one or two exaui2)los. 
One of the fiicts which Aristotle endeavours to 
exjdain is this ; that when the sun’s liglit ])asses 
through a hole, whatever be the form of the hole, 
the bright image, if formed at any considerable dis- 
tance from the hole, is round, instead of imitating 
the figure of the hole, as shadows resemble their 
objects. We shall easily jierceive this apj)earance to 
be a necessary consequence of the circular figure of 
the sun, if Ave conceive light to be diffused from the 
luminary by means of straight raijs proceeding from 
every point. But instead of this aiqiropriate idea of 
rays, Aristotle attempts to explain the fact by saying 
that the sun’s light has a circular nature, which it 
always tends to manifest. And this vague and loose 
conception of a circular quality, emjffoyed instead of 
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the distinct conception of rays, which is really appli- 
cable, prevented Aristotle from giving a true ac- 
count, even of this very simple optical phenomenon. 

Again, to pass to a more extensive failure: why 
was it that Aristotle, knowing the property of the 
lever, and many other mechanical truths, was unable 
to form them into a science of mechanics, as Archi- 
medes afterwards did? 

The reason was, that, instead of considering rest 
and motion directly, and distinctly, with reference to 
the idea of cause, that is force, ho wandered in search 
of reasons among other ideas and notions, which 
could not be brought into steady connexion with the 
tacts ; — the ideas of properties of circles,, of ])ropor- 
tions of velocities, — the notions of strange and com- 
mon, of natural and unnatural. Thus, in the jiroem 
to his Mechanical Probhnns, after stating some of the 
difticulties which he has to attack, he says, “Of all 
such cases, the circle contains the principle of the 
cause. And this is what might be looked for ; for 
it is iK^thing absurd, if something wondorfnl is derived 
from something more wonderful still. Now the 
most wonderful thing is, that opposites should be 
combined ; and the circle is constituted of such com- 
Hjinations of op])Osites. For it is constructed by a 
stationary point and a moving line, which are con- 
trary to each other in nature; and hence we may 
the less be surprised at the resulting contrarieties. 
And in the first place, the circumference of the circle, 
though a line without breadth, has opposite qualities; 
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for it is both cmivca; and concave. In the next place, 
it lias, at the same time, opposite motions, for it 
moves forward and backward at the same time. For 
’ the circumference, setting out from any point, comes 
to the same jioint again, so that by a continuous 
progression, the last jioint becomes the first. So 
that, as was before stated, it is not surprising that 
the circle should be the principle of all Avonderful 
properties.” 

Aristotle afterwards proceeds to explain more 
specially how he applies the properties of the circle 
in this ease. “ The reason,” he says, in his fourth 
problem, “ why a force, acting at a greater distance 
from the fulcrum, moves a weight more easily, is, 
that it describes a greater circle.” lie had already 
asserted that when a body at the end of a lever is 
put in motion, it may be considered as having two 
motions; one in the direction of the tangent, and 
one in the direction of the I'adius ; the former motion 
is, he say.s, accordhuj to nature, the latter, contrary to 
nature. Now in the smaller circle, the motion, con- 
trary to nature, is more considerable than it is in the 
larger circle. “ Therefore,” he adds, “• the mover or 
Aveight at the larger arm will be transferred further 
by the same force than the weight moved, AA’hich is 
at the extremity of tjie shorter arm.” 

These loose and inajipropriate notions of natuml 
and unnatural motions, Avere unfit to lead to any 
scientific truths; and, Avith the habits of thought 
Avdiich dictated tlu se speculations, a perception of 
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the true grounds of mechanical properties was im- 
possilde. 

Thus, in this instance, the error of Aristotle was 
the neglect of the idea appropriate to the fiicts, 
namely, the Idea of Mechanical Cause, which is 
Force ; and the substitution of vague or inappli- 
cable notions involving only relations of space, or 
emotions of wonder. The errors of those who failed 
similarly in other instances, were of the same kind. 
To detail or classify tlicsc would lead us too far into 
the philosophy of science ; since wo should have to 
enumerate the ideas wliich arc appropriate, and the 
various class of foots on which the different sciences 
arc founded, — a task not to be now lightly under- 
taken. But it will be perceived, witliout further 
explanation, that it is necessary, in order to obtain 
from facts any general trutli, that we should apply 
to tliem that appropriate idea, by which j^ermanent 
and definite relations arc established among them. 

In such ideas the ancients were very ])oor, and the 
stunted and deformed growth of their physical sci- 
ence was the result of this ]>enury. The ideas of 
space and time, number and motion, they did indeed 
possess distinctly; and so far as these went, their sci- 
ence was tolerably healthy. They also caught a 
glimpse of the idea of a medium by which the quali- 
ties of bodies, as colours and sounds, are perceived. 
But the idea of substance remained barren in their 
hands ; in speculating about elements and qualities, 
they went the WTong way, assuming that the proper- 
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ties of the eonipoiiiids must resoinble those of the 
elements ^vhieh deteriniiie them; and tlieir loose 
notions of eontrariety never approaclicd the form of 
those ideasof])olaritv, which, in modern times, regu- 
late many parts of jdiysics and chemistry. 

If this statement should seem to any one to l)e 
technical or arbitrary, we must refer, for the justi- 
fication of it, to the jdnlosophy of science, of ^^ln(dl 
we hope' hereal'ter to treat. But it will ap|)('ar, even 
from what has bc‘en here said, that tlun-e are certain 
ideas or forms of mental aj)prehension, which niay 
be applied to facts in such a manner as to bring into 
view fundamental principles of science; whilo the 
same facts, however arrayed or n^asonc'd about, so 
long as these appropriate ideas are not employed, 
cannot give ri-e to any exact or substantial know- 
ledge. 

We shall, in the next book, see the infliumce of 
the ap])ropriate general idc^as, in tin' formation of 
various sciences. It need only be observed, before' 
we proceed, that, in ord(*r to do full justice to the 
])hysical knowledge' of the (ire'ek sche)e)ls e)f philev 
so|)hy, it is not necessary te) stuely their ce)urse after 
the time e)f their fe)uiiders. Tluar fortunes, in res])ect 
of suedi acepiisitions as we are now e‘e)nsiel('ring, were 
not progressive. The lati'r chiefs e>f the schools 
folle)weel the earlier masters; and tlie>ugh tlu'y varieel 
much, tliey aelded littk\ Tlie Romans ade)pteel the 
phile)se)))hy e>f tlieir Greek subjects; Imt thev were 
always, and, indeed, acknowledged thernsc'Ives to be, 
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inferior to their teachers. Tliey were as arbitrary 
and loose in their ideas as the Greeks, without pos- 
sessing tlieir invention, acuteness, and spirit of sys- 
tem. Ill addition to tlic^ vagueness which Avas com- 
bined with the more elevated trains of jdiilosophical 
sjieculation among the (i reeks, the Romans intro- 
duced into tlieir tn^atises a kind of declamatory 
rhetoric, which arosi^ proliably from their forcmsic 
and political haliits, and which still further obscured 
tlie waning gleams of truth. Yet we may also trace*, 
in the Roman jiliilosophers to wlioni tliis charge 
mostly applies (Lucretius, Pliny, Seneca), the national 
vigour and ambition. The^re is something Roman 
in tlie juiblic s|>irit and anticipation of universal 
empire wliicli they display, as citizems of the intedlee- 
tual reimblic. Though tlu*y sjieak sadly or slightingly 
of the achievements of th(‘ir own generation, tliey 
betray a more' abieling and vivid belief in the elignity 
anel elestinc'd advance of human knowledge as a whole, 
than is eibvioiis among the Gree'ks. 

We must, however, turn back, in order to descrilio 
ste*|)s e)f nmre eletinite' value to the progivss e>f sciene'e 
than those whie*h we' have hitherte) noticeel. 
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INTKODUCTIOX. 

In order to the acquisition of any such exact and 
real knoAvli'doe of nature as that which Me projierly 
call physical science, it is re(piisite, as has already 
been said, that men should jiossc'ss ideas both dis- 
tinct and appro])riat(“, and should apply them to 
ascertained facts. They are thus led to ])ro|)ositions 
of a y-eneral character, m Inch are obtained by induc- 
tion, as Mill elseM'here be more fully (‘xplaincd. We 
proceed uom- to trace the formation of sciences 
ainonj^ the tlreeks by such jirocesses. The pro- 
vinces of knoM ledge m IucIi thus demand our atten- 
tion are. Astronomy, Mechanics and Hydrostatics, 
Oj)tics and Harmonics; of Mhich I must relate, first, 
the earliest stages, and next, the subsequent 
progress. 

Of these portions of human knoM ledge, astronomy 
is, lieyond doubt or comparison, much tlie most 
ancient and the most remarkable ; and probably 
existed, insomoM hat of a scientific form, in Chaldea 
and Egypt, and other countries, before the period of 
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tlie intellectual activity of the Greeks. But I will 
give a brief account of some of the other sciences 
before I proceed to astronomy, for two reasons ; first, 
because the origin of astronomy is lost in the obscu- 
rity of a remote antiquity; and therefore wo cannot 
exemi)Iify the conditions of the first rise of science 
so well in that subject as we can in others which 
assumed their scientific form at known ])eriods ; and 
next, in order that I may not have to intemipt, after 
I have once begun it, the history of the only pro- 
gressive science which the ancient world produced. 
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(CHAPTER f. 

I^AKLiKsr Sta(;ks oi’ Meciiank^s and IIydro- 
srATICS. 


Sect. i. — Medumics. 

Astronomy is a science so ancient that Ave can 
liardly ascend to a period when it did not exist ; 
Mechanics, on tli(‘ otlier hand, is a science which 
did not bepfin to be till after the time of Aristotle; 
for Archimedes must be looked upon as the author 
of tlie first sound knowledge on this subject. What 
is still more curious, and shows remarkably how 
little the continued progress of science follows 
inevitably from the nature of man, this department 
of knowledge, after the right road had been fairly 
entered u])on, remained absolutely stationary for 
nearly two thousand years ; no single step Avasmade, 
in addition to the ])ropositions established by Archi- 
medes, till the time of Galileo and Stevinus. This 
extraordinary halt aaIII be a subject of attention 
hereafter ; at present aa^c must consider the original 
advance. 

The great step made by Archimedes in mechanics 
Avas the establishing, upon true grounds, the general 
|)roposition (concerning a straight lever, loaded Avith 
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two licavj bodi(\s, and rostiiij** upon a fiilcruni. Tlio 
proposition is, that two bodies so circumstanced will 
balance each other, when the distance of the smaller 
body iVom the fnlcriim is greater than the distance 
of thoothm*, ill exactly the same ])ro[)ortion in which 
the weight of tlu' body is less. 

This i)roj)osition is provc'd by Archimedes in a 
work which is still extant, and tlie j)roof holds its 
place in our treatises to this day, as tlie simplest 
which can be given. The demonstration is made to 
rest on assumjitions which amount in collect to such 
definitions and axioms as these, that those bodies 
Jiro of e(pial weight whiidi balance each other at 
ecjual arms of a straight lever, and that in every 
heavy body there is a definite point calk'd a centre of 
(jrariUj, in whi^di jioint we may suj)pose the weight 
of the body collected. 

TIic real jirinciple, wliich is tlie foundation of the 
validity of this n'asoning, and which is tin* condition 
of all experimental knowledge on the subject, is 
this; — that when two ecjual Meights are supported 
on a lever, they act on the fulcrum of the lever with 
the same effect as if they were both together sup- 
ported immediately at that jioint. Or more gene- 
rally, we may state the principle to b(? this ; — that 
the pressure by whicli a lu'avy body is supported con- 
tinues the same, however we alter the form or posi- 
tion of the body, so long as the magnitude and 
material (*ontinue tin' sann*. 

The experimentnl truth of this principle is a 
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matter of olnioiis and univer.sal exjxTicnee. The 
w(»io'lit of a l)ask('t of stones is not altered by 
sliakino- the stones into new ])ositions. We eannot 
inak(‘ tlie direct burden of a stone less by altering* 
its [)osition in our hands; and if we try the effect 
on a balance or a machine of any kind, we shall see 
still mor(* clearly and exactly that tlu‘ altered posi- 
tion of one weight, or the altered arrangeinent of 
several, produces no change in their (tfc'ct, so long 
as th(‘ir ])oint of support remains nnchanged. 

This geiu'ral fact is obvious, when we possess in 
our minds the ideas which are nxpiisitt^ to a])])re- 
hend it clearly. When we are so ])repar(Ml, the 
truth app(\‘irs to be manifest, inde|)endeut of expe- 
ri(mce, an<l is seen to be a rule to Avhi(*h exi)erience 
must conform. What then is the leading idea 
which thus enables us to reason effectivt^ly ujion me- 
chanical subjects? ]3y attention to the course of 
such reasonings, we perceive that it is tlu' idea of 
prrssKre ; ])ressure bca’ng conceived as a measurable 
effect of heavy bodies at rest, distinguishable from 
all other effects, such as motioiu change of figure, 
and the like. It is not hen* necessary to atteni|)t 
to trace the history of this idea in our minds ; but 
it is certain that such an idea may be distinctly 
formed, and that ui)on it the whole scieiice of sta- 
tics may be built. Pressure, toad, Aveight, are names 
by which this idea is denotcal when the effect is 
directly downwards; but wc may have ]>ressure 
without motion, or dea<l pull, \n other cases, as at 
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the critical instant when two nicely-matched 
WTestlers are balanced by the exertion of the utmost 
strength of each. 

Pressure in any direction may thus exist without 
any motion whatever. But the causes which pro- 
duce sucli jiressure are caj)able of ])roducing motion, 
and are generally seen producing motion, as in the 
above instance of the wrestlers, or in a pair of scales 
employed in weighing, and thus men come to con- 
sider pressure as the exception, and motion as the 
rule; or perhaps they imagine to themselves the 
motion which mrijht or irovld take 2)lace; for in- 
stance, the motion which the arms of a lever would 
have if they did move. They turn away Irom the 
case really before them, which is that of bodies at 
rest, and balancing each other, and ))ass to another 
case, which is arliitrarily assumed to re])resent the 
first. Now this arbitrary and ca])ricious evasion 
we contrast with the distinct and ])ro])er idea of 
jiressuro, by means of Avhich the true iirinciples of 
this subject can be ap[)rehended. 

We have already seen that Aristotle was in the 
number of those who thus evaded the difficulties of 
the problem of the lever, and consequently lost the 
reward of success. He failed, as has before been 
stated, in consequence of his seeking his })rinciples 
in motions, either vague and loose, as the distinction 
of natural and unnatumi motions, or else inappro- 
priate, as the circle which the Aveight describe, 
the velocity which it ivovld have if it moved ; cir- 
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cumstances which are not part of tho fact under 
consideration. The influence of such inodes of spe- 
culation was the main liinderance to tlie prosecution 
of the true Archimedean form of the science. 


Sect 2. — IJydrodatics. 

Archimedes not only laid the foundations of the 
statics of solid bodies, but also solved the principal 
j>roblem of hydrostatics, or the statics of fluids ; 
namely, the conditions of the floating of bodies. 
This is the more remarkable, since not only did tho 
jirinciplos which Archimedes established on this sub- 
ject remain unpursued till the revival of science in 
modern times, but, when they were again jiut for- 
ward, the main proposition was so far from obvious 
that it was termed, and is to this day called, the hy- 
drostatic paradox. The true doctrine of hydrostatics, 
however, assuming the idea of pressure, which it in- 
volves in common with statics, r(?(|uires also a dis- 
tinct idea of a fluid, as a body whose parts are per- 
fectly moveable among each other by the slightest 
partial jiressure, and in which all pressure exerted 
on one ])art is transferred to all other parts. From 
this idea of fluidity, necessarily follows that nndti- 
plication of jn-essure which constitutes the hydro- 
static paradox ; and the notion being seen to be 
verified in nature, the conseipiences were also 
realised as facts. This notion of iluidity is expressed 
in the postulate which stands at the head of Archi- 
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medes’s “ Treatise on Floating Bodies.” And from 
this principle are deduced tlic solutions, not only of 
the siinjile problems of the science, but of some of 
considerable conijilexity. 

The difficulty of holding fast this idea of fluidity, 
so as to trace its consequences Avith infallible 
strictness of demonstration, may be judged of from 
the circumstance that, even at the present day, 
men of great talents, not unfamiliar with the sub- 
ject, sometimes admit into their reasonings an over- 
sight or fallacy with regard to this very point. The 
importance of the idea Mhen clearly ap])reliended 
and securely held, may be judged of from this, that 
the whole science of hy<lrostatics in its most modern 
form is only the develo])ement of the idea. And 
wliat kind of attempts at science would lie made by 
persons destitute of this idea, we may see in the 
speculations of Aristotle concerning light and heavy 
bodies, which we liave already quoted ; wlnu-e, by 
considering light and heavy as o|)])osite qualities, 
residing in things themselves, and by an inability to 
a|)prehend the effect of surrounding fluids in sup- 
porting bodies, tlie subject was made a mass of false 
or frivolous assertions, whicli tli(‘ utmost ingiMiuity 
could not reconcile with facts, and still less deduce 
from them any additional truths. 

Ill the case of statics and Jiydrostatics, the most 
important condition of their advance was undoubt- 
edly the distinct ap]>rehension of these two appropriate 
ideas, stniiml pressvr(\ and Iit/drosfafica/ pressure. I^\>r 
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the ideas being once clearly iKissessed, tiic^ (‘X])ori- 
mental laws which they served to exjiress (that the 
whole pressure of a body downwards was always 
the same; and tliat water, and the like, were fluids 
according to the idea of fluidity) were so obvious, 
that there was no doubt nor difficulty about them. 
Tliese two ideas lie at the root of all mechanical 
science ; and the firm ])ossession of them is, to this 
day, the first requisite for a student of the subject. 
After being clearly awakened in the mind of Ar- 
chimedes, these ideas slept for many centuries, 
till they were again called up in Galileo, and more 
remarkably in Stcvinus. This time, they WT^re not 
destined again to slumber ; and the results of their 
activity have been the formation of two sciences, 
w^hich are as certain and severe in their demonstra- 
tions as geometry itsidf, and as co]nous and interest- 
ing* in their conclusions ; but which, besides this 
recommendation, ])osse8S one of a different order; — 
that they exhibit the exact impress of the law s of the 
physical w orld ; and unfold a ])ortion of the rules 
according to which the phenomena of nature take 
place, ami must take place, till nature herself shall 
alter. 
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drAPTKR II. 

Earliest Stages of Optics. 

The progress made by the ancients in Optics was 
nearly jiroportional to that whicli they made in 
statics. As they discovered the true grounds of the 
doctrine of cquilihriinn, w'ithout obtaining any sound 
princiijles concerning motion, so tliey discovered the 
law of the reflection of light, hut had none hut the 
most indistinct notions concerning refraction. 

The extent of the principles which tliey really 
possessed is easily stated. They knew that vision is 
performed by rays mIucIi jiroci'ed in stiaight lines, 
and that these rays are reflected by certain surfaces 
(mirrors) in such manner that the angles which they 
make with the surface on each side are eiiual. They 
drew various conclusions from these premises by the 
aid of geometry; as, for instance, the convergence 
of rays which fall on a concave speculum. 

It may be observed that the idea nliich is here 
introduced, is that of visual m/.v, or lines along which 
vision is produced and light carried. This idea once 
clearly apprehended, it was not diflicnlt to show that 
these lines are straight lines, both in the case of 
light and of sight. In the beginning of Emdid’s 
“ Treatise on Optics,” some of the arguments are 
mentioned by which this wus established. We are 
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told in the Proem, “ In ex])laining wluit concerns 
the sight, he adduced certain arguments from which 
he inferred that all light is carried in straight lines. 
The greatest proof of this is shadows, and the Ijright 
sj)ots which are produced by light coming through 
windows and cracks, and which could not be, except 
the rays of tlie sun were carried in straight lines. 
So in fires, the shadows are greater than the bodies 
if the fire be small, but less than the bodies if the 
fire bo greater.” A clear comprehension of the 
principle w’^ould lead to the ])orception of innume- 
rable proofs of its truth on every side. 

The law of equality of angles of incidence and 
reflection was not cpiite so easy to verify ; but the 
exact resemblance of the object and its image in a 
plane mirror, (as the surface of still water, for in- 
stance,) which is a consequence of this law, would 
afford convincing evidence of its truth in that ease, 
and would be confirmed by the examination of other 
cases. 

With these true principles was mixed much error 
and indistinctness, ewen in the best writers. Euclid, 
and the Platonists, maintained that vision is exer- 
cised by rays proceeding from the eye, not to it ; so 
that when we see objects, we learn their form as a 
l)lind man would do, by feeling it out with his staff; 
This mistake, however, though JVIontucIa speaks 
severely of it, was neither very discreditable nor very 
injurious ; for the mathematical conclusions on each 
supposition are necessarily the same. Another curious 
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assuniptioii is, that tJioso visual rays arc not rlos(‘ 
t()gotl)(T, ])iit so})arato(l by intervals, like tlio tiiigers 
wlion tlie hand is spread. The motive for this 
invention was the wish to account for the fact, that 
in looking for a small object, as a needle, wo often 
cannot see it when it is under onr nose; which it 
was conceived would be impossible if the visual rays 
reached to all points of the surface before ns. 

These errors would not have ])revented the pro- 
gress of the science. But the Aristotelian pliysics, 
as usual, contain(‘d speculations more essentially 
faulty. Aristothfs views led him to try to descrilx^ 
the kind of causation by which vision is produced, 
instead of the laws by which it is exercis(Ml ; and the 
attempt consisted, as in other suljjects, of indistiiict 
])rincijdes, and ill-combiiKMl facts. According to him, 
vision must b(‘ jiroduced l)y a medium, — by soinething 
hvhrecii the ol)ject and the eye, — for if we pr(‘ss the ol)- 
j(*ct on tlu* (*ye, wi* do not s('e it ; this medium is light, 
or “the transpanait in action darkness occurs wluai 
the transparency is potential not actual ; colour is not 
the al)Solute visible, but soim^thing which is on the 
absolute* visible; colour has the |)ow(‘r of setting 
th(‘ traijsj)ar(*nt in action; it is jiot, how(*ver, all 
colours that are seen by means of light, but only tin* 
])ro])er colour of (‘uch object ; for sonu* things, as the 
h(*ads, and scales, and (*y(‘s of fish, arc* s(*(‘n in the* 
dark; but th(‘n th(*y arc* not se(*n with th(‘ir pro|K*r 
colour' 
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la all this tliere is no steady adherence eitlier to 
one notion, or to one class of facts. The distinction 
of [)o\vor and act is introduced to modify the idea 
of trans])arency, according to the formula of the 
school; then colour is made to be something un- 
known in addition to visibility; and the distinction 
of [iroper and improper colours is assumed, as suf- 
ficient to account for a phenomenon. Such classi- 
fications have in them nothing of which the mind 
can take steady hold ; nor is it difficult to see that 
they do not come under those conditions of successful 
physical speculation, which we have laid down. 
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CHAPTER HI. 

Earliest Stages of Harmonics. 

Among the ancients, the science of Music was an 
application of arithmetic, as optics and mecliauics 
were of geometry- The story whicli is told con- 
cerning the origin of their arithmetical music, is the 
following, as it stands in the Arithmetical Treatise of 
Nicomachus. 

Pythagoras, walking one day, ineilitating on the 
means of measuring musical notes, ha])pened to pass 
near a blacksmith’s shop, and had his attention 
arrested by Jiearing the liammer.s, as they struck the 
anvil, produce sounds which had a musical relation 
to each other. On listening further, he found that 
the intervals were a fourth, a fifth, and an octave ; 
and on weighing the hammers, it apjieared that the 
one which gave the octave was one-half the heaviest, 
the one which ga\e the fifth was two-thirds, and the 
one which gave the fourth was three-ijuarters. He 
returned home, refle(;tcd u|)on this phenonumon, and 
finally discovered, that if he stretched musical strings 
of eipial length, by weights which have the same 
proportion as those above de.scribed, they also j)ro- 
duced the intervals above mentioned. This observa- 
tion gave an arithmetical measure of the principal 
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musical intervals, and made music an arithmetical 
subject of speculation. 

This story, if not entirely a philosophical fable, 
is undoubtedly inaccurate ; for the musical intervals 
thus spoken ofj would not be i)roduced by striking 
with Iiammers of the weights tlicre stated. But tlie 
experiment of the strings is ])erfoctly correct, and is 
to this day the groundwork of the theory of musical 
concords and discords. 

It may at tirst api)ear that the truth, or even the 
possibility of this history, by referring the discovery 
to accident, disproves our doctrine, that this, like all 
other fundamental discoveries, recpiired a distinct 
and well-pondered idea as its condition. In this, 
however, as in all cases of su]>i)Osed accidental dis- 
coveries in science, it will be found, that it was 
exactly the possession of such an idea Avhich made 
the accident possible. 

Pythagoras, assuming the truth of the tradition, 
must have had an exact and ready ap})rehensiou 
of those relations of musical sounds, which are 
called respectively an octave, a fifth, and a fourth. 
If he luid not been able to conceive distinctly this 
relation, the sounds of the anvil would have struck 
his ears to no more purpose than they did those of 
the smiths themselves. lie must have had, too, a 
n^ady familiarity with numerical ratios; and, more- 
over, (that in which, probably, his su]>eriority most 
consisted,) a dis]>osition to coiiuect one notion with 
the other — tin* musical lelation with the arithmetical. 
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if it were foinul possible. When the connexion W'as 
once suggested, it was easy to devise experiments by 
which it might be confirmed. 

“The phiIosoj)hers of the Pythagorean school', 
and in particular, Lasus of Ilermione, and Hij)pasus 
nf MetajKjntum, made many such exj)eriments upon 
strings ; varying both their lengths and the weights 
which stretched them ‘, and also iipon vessels filled 
with water, in a greater or less degree.” And thus 
was established that connexion of the idea with the 
fact, which this science, like all others, recpiires. 


I shall (piit the Physical Sciences of Ancient 
Greece, with the above brief statement of the dis- 
covery of the fundamental principles which they 
ijivolved; not only because such initial stej)s must 
always be the most important in the progress of 
science, but because, in reality, the Greeks made no ad- 
vances beyond th(‘se. There took place among them 
no additional inductive processes, by which new facts 
were brought under the dominion of j)rinciples, or 
by which j)rinci])les were presented in a more com- 
j»rehensive sha])e than before. Their advance termi- 
nated in a single stride. Archimedes had stirred 
the intellectual world, bui had not put it in juo- 
gressive motion : (he science of mechanics sto]»j)ed 


aMGiitucla, iii. 10. 
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wluirc he left it. And though, in some subjects, as 
in flarmonics, much was written, tlie works thus 
produced consisted of deductions from the funda- 
mental principles, by means of arithmetical calcula- 
tions ; occasionally modified, indeed, by reference to 
the i>leasures which music, as an art, affords, but 
not enriched by any new scientific truths. 




BOOK III. 


HISTORY 


G R E E K A 8 'r R O N O M Y. 



To^e St' /il't]S€L<; TTOTG <^0^r}6y tS)V 'E\\7]V(0Vi cE)9 OV XP^) 
TTcpi ra Oela irofe 7rpay/jLaT€V€aOaL 0vi]TOv<i oyra<;* ttuv Se 
rovTov Siayo7;0i}mi rovvavriov^ W9 ovre d(l>pov ecrrc irore 
TO Oelov^ ovTG uyvoL'c TTov Tyv dvOpcoTTLvyv (j>v(ny aXX’ olBev 
or/, SiSaor/coVTCX? avTov, ^vvaKciXovOtjaet fcal pbaO^aeraL ra 
^LhacTfcopbeva. 

Plato, Epuiomis^ p. 9 ^ 18 . 

Nor should any Greek liave any inisgiviiig of this kind ; that it is not 
fitting to iiKpiire narrowly into the operations of superior Pow'ins, such 
as those hy which the motions of tlie heavenly bodies are produced : but, 
cm tlie contrary, men should consider that the Divine Powers never act 
without purpose, and that they know the iiatuie of man : th(*y know 
that by their guidance and aid, man may follow and comprehend the 
lessons which are vouchsafed him on such sidcjects. 
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The earliest and fundamental ooneejitions of men 
res[)ecting tlie objects with which Astronomy is con- 
cerned, are f‘ori7ied by familiar processes of thouoht, 
without a])]»earin^ to have in them anything tech- 
nical or scientific. Days, years, months, the sky, 
the constellations, are notions which the most un- 
cultured and incurious minds possess. Yet these 
are elements of the science of astronomy. The 

ft/ 

reasons why, in this case alom*, of all the provinces 
of human knowledge, men were able, at an early 
and unenlightened period, to construct a sciimce out 
of till! obvious fiicts of observation, with the lud]) 
of the common furniture of their minds, will be 
more apparent in the course of the philosojdiy of 
scic'iice; but I may here baivly mention two of 
these reasons; they are, tii’st, that the familiar act of 
thought, exercised for the common ])urposes of life, 
by which we give to an asseml)lage of our im])res- 
sions such a unity as is implied in the above no- 
tions and t('rms, a month, a year, the sky, and the 
lik(‘, is, in reality, an imlircfiir ncf, and shares tlu' 
nature of the ju’ocesses by which all sciences are 
formed ; and, in the next place, that the ideas ap- 
propriate to the induction in this case, are those 
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which, oven in the least cultivated minds, are very 
clear and definite ; nauieJy, the ideas of space and 
figure, time and number, motion and recurrence. 
Hence, from their first origin, the modifications of 
those ideas assume a scientific form. 

We must now trace in detail tlie peculiar course 
which, in consequence of these causes, the know- 
ledge of man respecting the Innivenly bodies took, 
from the earliest period of his history. 



Ill 


CHAPTER I. 

Earliest Stages of Astronomy. 


Serf. 1 . — FormatUm <>f the Notion of a Year. 

The notion of a Day is early ainl obviously iin- 
j)rcsse(l upon man in almost any coiulition in which 
' we can imagine him. The recurrence of light ami 
darkness, of comparative warmth ami cold, of noise 
and silence, of the activity and re])ose of animals; — 
the rising, mounting, descending, and setting of the 
sun ; — the varying colours of the clouds, generally, 
notwithstanding their variety, marked by a daily 
])rogi’ession of appearances; — the calls of the desire 
of food and of sleep in himself, either exactly ad- 
justed to the j)eriod of this change, or at le.ast readily 
capable of being accommodated to it; — these cir- 
, cumstances, recurring at intervals, etjual, so far as 
man’s obvious Judgment of the jiassage of time can 
deci<le ; and these intervals so short that the repe- 
tition is noticed with no effort of attention or 
memory; — this assemblage of suggestions makes 
the notion of a <lay necessarily occur to man, it we 
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suppose him to have the concc})tiou of time, and of 
recurrence. He naturally marks l)y a term such a 
j)ortion of time, and siu^h a cycle of recurrenct' ; he 
calls eacli portion of time, in wliicli tl)is series of 
apj:>carances and occurrences come round, a day: 
and such a group of particulars are considered as 
apj)earing or ha})pening in the same day. 

A year is a notion formed in the same manner ; 
implying in the same way the notion of recurring facts; 
and also the faculty of arranging facts in time, and of 
appreciating their recurrence. But the notion of a 
year, though undoubtedly very obvious, is, on many 
accounts, less so than that of a day. The repetition 
of similar circumstances, at e([ual intervals, is less 
manifest in this case, and the intervals being much 
longer, some exertion of memory becomes requisite 
ill order that the recurrence may be perceived. A 
child might easily be p(‘rsuaded that successive years 
were of unequal length; or, if the summer were 
cold, and the sjning and autumn Avarni, might be 
made to believe, if all who spoke in its hearing 
agreed to sujiport the delusion, that one year uus 
two. It would b(? impossible to practise such a 
deception with regard to the day, \vithont the use of 
some artifice beyemd mere words. 

Still, the recurrenc(‘ of the a])|)earance8 which 
suggevst the notion of a y<*ar is so obvious, that we 
can hardly conceive man without it. But though, 
in all cliuH's and times, there would ho a recurrence, 
ami at the samc^ inte rval in all, tin' r(*curring a])|K‘ar- 
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ances would be extremely different in different 
countries; and the contrasts and resemblances of 
the seasons would be widely varied. In some places 
the winter utterly alters the face of the country, 
converting grassy hills, deep leafy woods of various 
hues of green, and running waters, into snowy and 
icy wastes, and bare snow-laden branches ; while in 
others, the field retains its herbage, and the tree its 
leaves, all the year ; and the rains and the sunshine 
alone, or various agricultural employments quite 
different from ours, mark the passing seasons. Yet 
in all parts of the world the yearly cycle of changes 
has been singled out from all others, and designated 
by a peculiar name. The inhabitant of the equa- 
torial regions has the sun vertically over him at the 
end of every })erio(l of six months, and similar trains 
of celestial phenomena fill uj) each of these intervals, 
yet we do not find years of six months among such 
nations. The Ambs alone', who practise neither 
agriculture nor navigation, have a year depending 
upon the moon only ; and borrow the word from other 
languages, when they speak of the solar year. 

In general nations have marked this portion of time 
by some word which has a reference to the returning 
circle of seasons and employments. Thus the Latin 
annus signified a ring, as we see in the derivative 
annulus: the Greek term iviavTo^ implies something 
which returns into itself: and the word as it exists 

' blclcr, Tkrl. Trans. 1813, p. 51. 
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in Teutonic languages, of which our word year is an 
example, is said to have its origin in the word yra, 
which means a ring in Swedish, and is perhaps con- 
nected with the Latin (fyriis. 


Sect. 2. — Fi.vation of the Cml Year. 

1'nE year, considered as a recurring cycle of seasons 
and of general ap|)earances, must attract the notice 
of man as soon as his attention and meniory suffice 
to bind together the parts of a succession of the 
length of several years. But to make the same term 
imply a certain fixed number of days, we must know 
how many days the cycle of the seasons occupies ; a 
knowledge which requires faculties and artifices 
beyond what wo have already mentioned. For in- 
stance, men (;annot reckon as far as any number at 
all approaching the number of days in the year, 
without possessing a system of numeral temi.s, ami 
methods of ])nictical numeration on which such a 
system of terms is always founded'. The South 
American Indians, the Koussa Caffres and Hotten- 
tots, and the natives of New Holland, all of whom 
are said to be unable to reckon further than the 
fingers of their hands and feet’’, cannot include, in 
their notion of a year the fact of its consisting of 
365 days, as we do. This fact is not likely to be 


' Arithm. in Encyc. Motrop. (!»y Mr. Peacock,) Art. ii. 
' Ibid. Art. 32. 
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known to any nation except those which liave ad- 
vanced far beyond that which may be considered as 
the earliest scientific process whicli we can trace in 
the theoretical history of the human race, the forma- 
tion of a method of designating the successive num- 
bers to an indefinite extent, by means of names, 
framed according to the decimal, quinary, or vigenary 
scale. 

But even if we suppose men to have the habit of 
recording the i)assage of each day, and of counting 
the score thus recorded, it would be by no means 
easy for them to determine the exact number of 
days in which the cycle of the seasons recurs; for 
the indefiniteness of the appearances which mark the 
same season of the year, and the changes to which 
they are subject as the seasons are early or late, 
would leave much uncertainty resj^ecting the dura- 
tion of the year. They would not obtain any accu- 
racy on this head, till they had attended for a 
considerable time to the motions and places of the 
sun; circumstances which recpiire more precision of 
notice than the general facts of the degrees of heat 
and light. The motions of the sun, the succession 
of the i)Iaces of his rising and setting at diliercmt 
times of the year, the greatest heights whicli he 
reaches, the jiroportion of the length of day and 
night, would all exhibit several cycles. The re- 
turning back of the sun, when he ha<l reacluvl his 
greatest distance to the south or to tlu> north, as 
sliown either by his rising or by his height at noon. 
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would perhaps be the most observable of such cir- 
cumstances. Accoi’diugly the rpoiral ^eXioiOf the 
turnings of the sun, are used repeatedly by Hesiod 
as a mark from which he reckons the seasons of 
various employments. “ Fifty days,” he says, “ after 
the turning of the sun, is a seasonable time for be- 
ginning a voyaged” 

The phenomena would be different in different 
climates, but the recurrence would be common to 
all. Any one of these kinds of phenomena, noted 
.with moderate care for a year, would show M'hat was 
the number of days of which a year consisted ; and 
if several years were included in the interval through 
which the scrutiny extended, the knowledge of the 
length of the year so acquired would be proportion- 
ally more exact. 

Besides those notices of the sun, which offered 
exact indications of the seasons, other more indefinite 
natuml occurrences were used ; as the arrival of the 
swallow (;)^e\tS®v) and the kite (iktiv.) The birds, 
in Aristophanes’s [)lay of that name, mention, as one 
of their offices, to niark the seasons ; Hesiod simi- 
larly notices the cry of the emne as an indication of 
the departure of winter '. 

Among the Greeks the seasons w'ere at first only 
summer and winter (depot and ■xeip,u>v), the latter 


'HpITfX 7r€VTT)KOVTa fJL€Ta rpOTTaS TjfXlOlO 

Eff reXos cX^oj/ros 6(p€09. 


' f dolor, i. 240 . 


Op. ct Dios, 001. 
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including all the rainy and cold portion of the year. 
The winter was then subdivided into the and 

eap, and the summer, less definitely, into 6epo<; and 
owfapa. Tacitus says that the Germans knew neither 
the blessings nor the name of autumn, “ Autumni 
perinde nomen ac bona ignorantur.” Yet harved, 
herbst, is certainly an old German word®. ^ 

In the same period in which the sun goes through 
his cycle of positions, the stars also go through a 
cycle of appearances belonging to them ; and these 
perhaps were employed at as early a period as the 
sun in determining the exact loigth of the year, 
hlany of the grou[»s of fixed stars are readily recog- 
nised, as exhibiting always the same configuration ; 
and particular bright stars are singled out as objects 
of attention. These are observed, at particular 
seasons, to appear in the west after sunset ; but it is 
noted that when they do this, they are found nearer 
and nearer to the sun every successive evening, and 
at last disappear in his light. It is observed also, 
that at a certain interval after this, they rise visibly 
before the dawn of day renders the stars invisible ; 
and after they are seen to do this, they rise every 
day at a longer interval before the sun. The risings 
and settings of the stars under these circumstances, 
or under others which are easily recognised, were, in 
countries where the sky is usually clear, employed 
at an early period, to mark the seasons of the year. 


® Idcler, i. 24:{. 
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Escliylus ’ makes Prometheus mention tliis among 
the benefits of whicli he, the teacher of arts to the 
earliest race of men, was the communicator. 

Thus, for instance, the rising" of the Pleiades in 
the evening Avas a mark of the a])})roach of wintei*. 
The rising of the Avaters of the Nile in Egypt coin- 
cided Avith the heliacal rising of Sirius, Avhich the 
l^gyptians called Sothis. Ea'cii Avithout any arti- 
ficial measure of time or position, it Avas not diffi- 
cult to carry obserA^ations of this kind to such a 
degree of accuracy as to learn from them the num- 
ber of days Avhich compose the year ; and to 
fix the precise season from the ai)pearance of the 
stars. 

A knoAvledgc concerning the stai’s appears to ha\'o 


^ OvK Tjv yap avnns opre ^fiparos TfKpapy 
OvT ai/0fpo)8ovi' v/joy, ovSe Kapiripov 
Gfpovs oXX’ anp yvoi>pr)s to nCiv 

V.7rpa(T(Top, ccTf 8i] (Tfjiiv avaroXus (you 
i\(rrp<au ras tc dva-Kpirovs 8 v(T(Is, 

“ Idolpr (ChvonoL i. 242) says tliat l/ii.s' rising of the Pleiades 
took place at a tilin' of the year wliicli corresponds to our 11th 
May, and tlie setting to the 20tli Octtiher, hut this does not 
agret' with tlie forty days of their being “ concealed,'* wliicli, 
from the context, must mean, I conceive, tlie inh'rval hetweeii 
their sotting and rising. Pliny, however, says, Vergiliaruiu 
exortii testas iiicipit, occasu hiems ; .semc,sirl spatio intru se 
mc.s.ses vindemiasque et omnium maturitatem complexie. (11. N. 
xviii. t)9.) 

The autumn of the Greeks, dirtopa, was earlier than our 
autumn, for Homer calls Sirius dvrrjp dncopivos^ whicli rose at the 
end of July. 
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been first cultivated with the last-incntieiied view, 
and makes its first appcamuce in literature with this 
for its object. Thus Hesiod directs the liusbandinau 
when to reap by the rising, and when to jdough by 
the setting of the Pleiades”. In like manner 
Sirius'”, Arcturus", the Ilyades and Orion’”, are 
noticed. 

By such means it was determined that the year 
consisted, at least, nearly, of 365 days. The Egyp- 
tians, as we learn from Herodotus’”, claimed the 
honour of this discovery. The priests informed 

® Xl\r)ia8(iiv ATXay€V€(op €7nT€\\ofX€Paa)P. 

aixrjTov* aporoio Sc, Svero^evawp. 

‘At dfj rot vvKTLis rc #cat ripara recraepaKopTa 
K€Kpv<f)aTaif aCris Se TTcpiTrXo/xcvou eviauroC 
*PaiPOPTai, 

*s Op. vt Dies, 1. 381. 

1. 413. 

ECr UP (Tc^tjKoi/ra /xcra Tpomis i^cXtoio 
Xcificpt, cktcXcot; Zcvs Tjpara^ drj pa tot aaTtjp 

ApKTOVpO^j TTpoXlTTaP UpOP pOOP Qk^OPOIO 

IlpiOTOp 7ra/i</)ati/a)P cTrtrcXXcrat aKpoKPf(f)aLos. 

Op. et Di. 562. 

EOt* ap d'Qpwp Kai Setptos cy pccrop cX^t; 

OvpapoPy ApKTOvpup d'eaibrj poboduKTvXos 

607. 

avTap €TTr)P 8rj 

nXy/taScs ‘Ya5es rc ro rc (r^cpos Qpioivos 
AvpcD(rip. 

612 . 

These methods were employed to a lute period, because the 
Greek months, being lunar, did not correspond to the seasons. 
Tables of such motions were called mipanr)ypaTa» — Idclcr, Hist. 
Untersuchungen, p. 200. 

ii. 4. 
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hilil^ he sRyd, “ that the Egyptians were the first 
men who discovered the year, dividing it into twelve 
e(j[ual parts ; and this they asserted that they dis*- 
covered from the stars.” Each of these parts or 
months consisted of 30 days, and they added 6 days 
more at the end of the year, “ and thus the circle 
of the seasons comes round.” It seems, also, that 
the Jews, at an early period, had a similar reckoning 
of time, for the deluge which continued 150 days 
(Oen. vii. 24,) is stated to have lasted from the l7th 
day of the second month (Gen. vii. 11) to the 17th 
day of the seventh month (Gen. viii. 4,) that is, 5 
months of 30 days. 

A year thus settled as a period of a certain num- 
ber of days is called a civil year. It is one of the 
earliest discoverable institutions of states possessing 
any germ of civilization; and one of the earliest 
portions of human systematic knowledge is the dis- 
covery of the length of the civil year, so that it 
should agree with the natural year, or year of the 
seasons. 


Sect. 3 . — Ceyrrection of the Civil Year. (Julian 
Calendar.) 

In reality, by such a mode of reckoning as we 
have described, the circle of the seasons would not 
come round exactly. , The real length of the year is 
very nearly 365 days and a quarter. If a year of 
365 days were used, in four years the year would 
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begin a day too soon, when considered with refer- 
enfco to the sun and stars ; and in 60 years it would 
begin 15 days too soon, a quantity perceptible to 
the loosest degree of attention. The civil year 
would be found not to coincide with the year of the 
seasons; the beginning of the former would take 
place at different periods of the latter; it would 
wandet' into various seasons, instead of remaining 
fixed to the same season ; the term year, and any 
number of years, would become ambiguous; some 
correction, at least some comparison, would be 
requisite. 

We do not know by whom the insufficiency of 
the year of 365 days was first discovered’*; we. find 
this knowledge diffused among all civilized nations, 
and various artifices used in making the correction. 
The method w'liich w'e employ, and which consists 
in reckoning an additional day at the end of Fe- 
bruary every fourth or leap year, is an example of the 
principle of intercalation, by wdiich the correction 
was most commonly made. Methods of intercala- 
tion for the same purpose were found to exist in the 
new world. The Mexicans added 18 days at the 
end of every 52 years. The method of the Greeks 
was more complex ; (by means of the octaeteris or 
cycle of 8 years ;) but it had the additional object 
of accommodating itself to the motions of the 

“ Synccllus (Chronographia, p. 123,) says, that according to 
the legend, it wiis King Asetli who first addetl the 5 additional 
days to 360, for tlie year, in the eighteenth century n. c. 
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moon, and therefore must be treated of hereafter. 
The Egyptians, on the other hand, knowingly per- 
mitted their civil year to wander, at least so far as 
their religious observances were concerned. “ They 
<lo not wish,” says Geniinus'', “ the same sacrifices 
of the gods to be made perpetually at the same 
time of the year, but that they should go through 
all the seasons, so that the same feast may happen 
in summer and winter, in spring and autumn.” The 
})eriod in ndiich any festi val would thus pass through 
all the seasons of the year is 1461 years ; for 1460 
yt;ars of 365 t days are eijual to 1461 years of 365 
<lay8. Tliis period of 1461 years is called the Sothiv 
period, from Sothis, the name of the dog-star, by 
which their fixed year was determined ; and for the 
same it^ason it is called the canicular period'". 

Other nations did not regulate their civil year by 
intercalation at short intervals, but rectified it by a 
reform when this became necessary. The Persians 
are said to have added a month of 30 days every 
120 years. The Roman calendar, at first very rude 
in its structure, was reformed by Nunia, and was 
directed to be kept in order by the perpetual inter- 
position of the augurs. This, hoM’ever, was, from 
various- causes, not properly done ; and the conse- 
quence was, that the reckoTiing fell into utter dis- 
order, in which state it was found by Julius Ca:sar, 
wlien ho became dictator. By the advice of So- 

■’ Franol. p. 3.3. 

Censorinus di Die Nat.-ili, c. 18. 
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sigenes, he adopted the mode of intercalation of 
one day in 4 years, which we still retain; and in 
order to correct the derangement which had already 
been produced, he added 90 days to a year of the 
usual length, whicdi thus became what was called 
the year of confusion. The Julian Calendar, thus 
reformed, came into use, January 1, b. c. 45. 


Sect. 4. — Attempts at the Fixation of the Month. 

The circle of changes through which the moon passes 
in about thirty days, is marked, in the earliest stages 
of language, by a U'ord which implies the space of 
time which one such circle occupies; just as the 
(drcle of changes of the seasons is designated by the 
word year. The lunar changes are, indeed, more 
obvious to the sense, and strike a more careless per- 
son, than the annual ; the moon, when the sun is 
absent, is almost the sole natural object which attracts 
our notice ; and we look at her with a far more tran- 
quil and agreeable attention than we bestow on any 
other celestial object. Her changes of form and place 
are definite and striking to all eyes ; they are unin- 
terrupted, and the duration of their cycle is so short 
as to reipnre no effort of memory to embrace it. 
Hence it appears to be more easy, and in earlier 
stages of civilization more common, to count time 
by moons than by years. 

The words by which this j)eriod of time is desig- 
nated in various languages, seem to refer us to the 
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early history of language. Our word month is con- 
nected with the word moon, and a similar connexion 
is noticeable in the other branches of the Teutonic. 
The Greek w'ord (iriv in like manner is related to fji,7ivr,, 
which, though not the common word for the moon, 
is found in Homer with that signification. The 
Latin word mensis is j)robably connected with the 
same group 

The month is not any exact number of days, being 
more than 29 and less than 80. The latter number 
was first tried, for men more readily select numbers 
possessing some distinction of regularity. It existed 
for a long period in many countries. A very few 
months of 30 days, however, would suffice to demnge 
the agreement between the days of the month and 
the moon’s appearance. A little further trial would 
show that niontlis of 29 and 80 days alternately, 
Avould preserve, for a considerable period, this agree- 
ment. 

The Greeks adopted this calendar, and, in conse- 

^ Cicero derives this word from the verb to meamirc; “quia 
mensa S2)atia conficiunt maises noininantur:” and other etymolo- 
gists, with similar views, connect the uhovc-nientioncd words 
with the Hebrew manuh, to measure, (with which the Arabic 
work ahnanach is connected.) Such a derivation would have 
some analogy with that of annus, ■‘cc., noticed above : hut if wo 
are to attempt to ascend to thc’ earliest condition of language, 
we must conceive it probable that men would have a name for 
a most conspicuous visible object, Ihe moon, before they would 
have a verb denoting the very abstract and general notion, to 
measure. 
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queiice, considered the days of their month as repre- 
senting the cliangcs of the moon : the last day of 
the month was called evi} xal vea, “ the old and new,” 
as belonging to both the waning and the reappear- 
ing moon'": and their festivals and sacrifices, as 
determined by the calendar, were conceived to be 
necessarily connected with the same periods of tho 
cycles of the sun and moon. “ Tho laws and tho 
oracles,” says Geminus, “ which directed that they 
should ill sacrifices observe three things, inoiitl^^ 
days, years, were so understood.” With this per- 
suasion, a correct system of intercalation became a 
religious duty. 

The above rule of alternate months of 29 and 30 
days, supposes the length of the months 29 days and 
a half, which is not exactly the length of a lunai’ 
month. Accordingly the months and the moon were 
soon at variance. Aristophanes, in “ Tho Clouds,” 
makes the Moon complain of the disorder when 
the calendar was deranged. 

OvK ayeiv tA? fjfiepa^: 

'OvSkv opdw, aXfC dva> re Kal Kara) KvSoiSojray 
"Jlar drreiKelv (pria-lv dvry Toi><i 6eov<! eKaarore 
'HvIk dy ^p'evcrddxj’t Zeirrvov KaTriaxny oiKahe 
Tfj<! eopTrj'i p-)) rv')(pyre<i Kara \6yoy ra>y rjpepSyv. 

Nubos 615 — 19. 


Aratus says of the moon, in a passage quoted by Geminus, 

p. 3.3. 

At« SdKKoBtv dKKa irapaKKivmxra lurama 
Etfifi, OTToarmri /ir/yoi w(piTfW€T>u f/at. 
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The Moon by us to you her greeting sends, 

But bids us say that she ’s an ill-used moon, 

And t.akos it much amiss that you will still 
ShuMe her days, and turn them topsy turvy; 

So that when gods (who know their feast-days well,) 

By your false count are scut home su])])crlcss, 

They scold and storm at her for your neglect. 

The correction of this inaccuracy, however, was 
not 2 )ursue(l separately, hut was combined with 
another object, the securing a corresjjondence be- 
tween the lunar and solar years, the main i)urpose of 
all early cycles. 

/Sect. 5. — Invention of Ltmisolar Years. 

There are 12 complete lunations in a year; which 
according to the above rule, would make 854 days, 
leaving 12] days of dilferencc between such a lunar 
year and a solar year. It is said, that at an early 
period, this was attempted to be corrected by inter- 
polating a month of 30 days every alternate year ; 
and Herodotus'" relates a conversation of Solon, im- 
plying a still ruder mode of intercalation. This can 
hardly be considered as an advance in the know- 
ledge of the motions of the heavens. 

The first cycle which produced any near corre- 
spondence of the reckoning of the moon and the sun, 
was the Octaiitem, or period of 8 years : 8 years of 


“ B. i. c. 1.5. 
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354 days, together with 3 months of 30 days each, 
make up 2922 days ; whicli is exactly the amount of 
8 years of 305 j days each, llencc this period would 
answer its pnr])oso so far as the above lengths of the 
lunar and solar cycles are exact ; and it might assume 
various forms, according to the manner in which tJie 
intercalary mouths were distributed. The customary 
method was to add a thirteenth month at the end of 
the third, fifth, and eighth year of the cycle. This 
period is ascribed to various persons and times ; j)ro- 
bably different persons proposed different forms of 
it. Dodwell i)laces its introduction in the 69th 
olympiad, or in the Gth century, B. c. ; but Ideler 
thinks the astronomical knowledge of the Greeks 
of that age was too limited to allow of such a dis- 
covery. 

This cycle, however, was imperfect. The duration 
of 99 lunations is something more than 2922 days ; 
it is more nearly 2923 ]; hence in 16 years there was 
a deficiency of 3 days, with regard to the motions of 
the moon. This cycle of 16 years {Hecccedecaeteris), 
with 3 interpolated days at the end, was used, it is 
said, to bring the calculation right with regard to 
the moon ; but in this way the origin of the year 
was disjilaced with regard to the sun. After 10 
revolutions of this cycle, or 160 years, the inter- 
polated days would amount to 30, and hence the end 
of the lunar year would be a month in advance of 
the end of the solar. By terminating the lunar year 
at the end of the preceding mouth, the two years 
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would again be brought into agreement: and we 
have thus a cycle of 160 years*". 

This cycle of 160 years, however, was calculated 
from the cycle of 16 years ; and w'as probably never 
used in civil reckoning ; which the others, or at least 
that of 8 years, appear to have been. 

The cycles of 16 and 160 years, were corrections 
of the cycle of 8 years ; and were readily suggested, 
when the length of the solar and lunar periods be- 
came known with accuracy. But a much more exact 
cycle, independent of these, was discovered and 
introduced by Meton**, 432 years B. c. This cycle 
consisted of 19 years, and is so correct and conve- 
nient, that it is in use among ourselves to this day. 
The time occupied by 19 years, and by 235 lunations, 
is very nearly the same ; (the former time is less 
than 6940 days by 9i hour.s, the latter by 74 hours.) 
Hence, if the 19 years be divided into 235 months, 
so as to agree with the changes of the moon ; at the 
end of that period the same succession may begin 
again witli great exactness. 

In order that 235 months, of 30 and 29 days, may 
make up 6940 days, we must have 125 of the former, 
which were called fvU months, and 110 of the latter, 
which were termed hoUow. An artifice was used in 
order to distribute 110 hollow months among 6940 
days. It will be found that there is a hollow month 
for each 63 days nearly. Hence if we reckon 30 

*" Geminus, Idelcr. *' Idcler ITist. Untcrs. p. 208. 
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days to every month, but at every 63d day Icaj) over 
a day in the reckoning, wc shall, in the 19 years, 
omit 110 days; and this accordingly was done. 
Thus the 3d day of the 3d month, the 6th day of the 
5th month, the 9th day of the 7th, must be omitted, 
so as to make these months ‘ hollow.’ Of the 19 
years, seven must consist of 13 months ; and it does 
not appear to be known according to wdiat order 
these seven years were selected. Some say they 
were the 3d, 6th, 8th, 11th, 14th, 17th, and 19th; 
others, the 3d, 5th, 8th, 11th, 13th, 16th, and 19th. 

The near coincidence of the solar and lunar periods 
in this cycle of 19 years, was undoubtedly a consider- 
able discovery at tlie time when it was first accom- 
plished. It is not easy to trace the way in which such 
a discovery was made at that time ; for we do not 
even know the manner in which men then recorded 
the agreement or difference between the calendar day 
and the celestial phenomenon which ought to cor- 
respond to it. It is most probable, that the length 
of the month was obtained with considerable exact- 
ness, by the observation of eclipses, at considerable 
intervals of time from each other ; for eclipses are 
very noticeable phenomena, and must have been 
very soon observed to occur only at new and full 
moon*^ 

Thucyd. vii, 50 . ‘H afXrjvr) efcXciTTcf frvyxnvc y«/j irai/acXquos 
ova-a, iv. 52. Tov 17 X 10 U fKXines ri eyevero rrepi vov^ijpiav. ii. 2 S. 
NovfMTjvia Kara crcXiyi/T^i/ (oxrTTf/j Kai fiopop doK€i ytyptcrOai 

fivuarov) 6 rjXios c^cXittc fiera fKorrjiJifSpiav k(ii rraXiv e7r\i]po)0i)j yevopevos 
/j.tjpo€i8tjs Kat aarepcap riucov €K(f)av€Pr<ap. 


VOL. I. 
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The exact length of a certain number of months 
being thus known, the discovery of a cycle which 
should regulate the calendar with sufficient accuracy, 
would be a business of arithmetical skill, and must 
depend, in part, on the existing knowledge of arith- 
metical methods; but in making the discovery, a 
natural arithmetical sagacity was probably more effi- 
cacious than method. It is very possible that the 
cych of Melon is coiTect more nearly than its author 
was aware, and more nearly than he could ascertain 
from any evidence and calculation known to him. 
It Ls so exact that it is still used in calculating the 
now moon for the time of Easter ; and the Golden 
Numhei', which is spoken of in stating such rules, is 
the number of this cycle corresponding to the 
current year*\ 

Meton’s cycle was corrected a hundred years later 
(330 B. c.), by Calippus, who discovered the error of 
it by observing an eclipse of the moon six years be- 
fore the death of Alexander In this corrected 
period, four cycles of 19 years were taken, and a day 
left out at the end of the 76 years, in order to make 
allowance for the hours by which, as already ob- 
served, 6940 days are greater than 19 years, and 
than 235 lunations : and this Cdippic period is used 

The same cycle of 10 years has been used by the Chinese 
for a very great length of time ; their civil year consisting, like 
that of the Greeks, of months of 29 and 30 days. 

The Siamese also Lave this period. (Astron. Lib, U. K,) 

“ Delamb. A. A. p. 17. 
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iint ’ Ptolemy’s Almagest, in stating observations of 
eclipses* 

The Metonic and Calippic periods undoubtedly 
imply a very considerable degree of accuracy in the 
knowledge wliich the astronomers, to whom they are 
due, had of the length of the month ; and the first 
is a very hap[)y invention for bringing the solar and 
lunar calendars into agreement. 

The Roman calendar, from which our own is 
derived, appears to have been a much less skilful 
contrivance than the Greek; though scholars are 
not agi’ccd on tlie subject of its construction, wo can 
hardly doubt that months, in this as in other cases, 
were intended originally to have a reference to the 
moon. In whatever manner the solar and lunar mo- 
tions were intended to be reconciled, the attempt 
seems altogether to liave failed, and to have been 
soon abandoned. The Roman months, both before 
and after the Julian correction, were portions 
of the year, having no reference to full and new 
moons ; and we, having adopted this division of the 
year, have thus, in our common calendar, the traces 
of one of the early attempts of mankind to seize the 
law of the succession of celestial phenomena, in a 
case where the attempt was a complete failure. 

Considered as a part of the progress of our astro- 
nomical knowledge, improvements in the calendar 
do not offer many points to our observation, but they 
exhibit a few very important steps. Calendars which, 
belonging apparently to unscientific ages and nations, 

K 2 
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possess a great degree of accordance with the tKte 
inotions of the sun and moon, like the solar calendar 
of the Mexicans, and the lunar calendar of the 
Greeks, contain the only record now extant of dis- 
coveries whicli must have required a great deal of 
observation, of thought, and probably of time, l^ie 
later improvements in calendars, which take i)laee 
when astronomical observation has b(‘cn attentively 
pursued, are of little consequence to the history of 
science ; for they are generally foniKh'd on astrono- 
mical determinations, and are ])osteri()r in time, aiul 
inferior in accuracy, to the knowledge on Avhicli they 
depend: still, cycles of correct ion, Avln(‘h are both short 
and close to exactness, like that of IMeton, may jxt- 
haps bo the original form of the knowledge which they 
im])ly; and certainly require botb accurate facts and 
sagacious arithnn^tical reasonings. The discovery of 
sucli a cycle must always have tlie a|)|)earance of a 
happy guess, like other discoveries of Ian s of nature. 
Beyond this point, the inten^st of tlu' study of calen- 
dars, as bearing on our ?rnbj(‘ct, (‘eas(‘s : they may l)e 
considered as belonging rather to art than to science ; 
rather as an aj)plication of a part of our knowledge 
to the uses of life, than a means or an evidence of 
its extension. 

Sect 6 . — The Constcl/atzom, 

Some tendency to consider the stars as formed into 
groups, is inevitable when men l)egin to attend to 
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them; but how men were led to the fanciful system 
of, names of stars and of constellations, which we 
find to have prevailed in early times, it is very diffi- 
cult to determine. Single stars, and very close 
groups, as the Pleiades, were named in the time of 
Homer and Hesiod, and at a still earlier jieriod, as 
we find in the book of .lob’'’. 

Two remarkable circnmstances with respect to 
the constellations are, first, that they appear in most 
cases to be arbitrary combinations ; the artificial 
figures which are made to include the stare, not 
having any resemblance to their obvious configuiu- 
tions ; and, second, that these figures, in different 
countries, arc so far similar, as to imply some com- 
munication. The arbitrary nature of these figures 
sliows that they Mere rather the M^ork of the imagi- 
native and mythological tendencies of man, than of 
mere convenience and love of arrangement. “The 
constellations,” says an astronomer of our own tinie‘% 
seem to have been almost purjtosely named and 
delineated to cause as much confusion and incon- 

Jobxxxviii. 31. “t'anst tliou bind tlic sweet influences of 
Ohima (tlie Pleiades) or loose the bands of Kesil (Orion) ? Canst 
tbou bring forth Mii/.zaroth (Sirius) in his season? or oanst 
thou guide Ash or Aiseh ( Arcturus) with his sons?” 

And ix. 1). “Which make th A returns, Orion and Pleiades, 
and the chambers of tin; south." 

Dupuis, vi. o-lO, thinks that Aiseh was ut|, the goat and kids. 
8ee Hyde, Flugbbeigh. 

. “"fievschel. 
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venience as possible. Innumerable snakes twine 
through long and contorted areas of the heavens, 
where no memory can follow them : bears, lions, and 
fishes, large and small, northern and southern, con- 
fuse all nomenclature. A better system of constel- 
lations might have been a material help as an artificial 
memory.” When men indicate the stars by figures, 
borrowed from obvious resemblances, they are led 
to combinations quite different from the received 
constellations. Thus the common people in our own 
country find a wain or waggon, or a jilough, in a jmr- 
tion of the great bear 

The similarity of the constellations recognised in 
different countries is very remarkable. The Chal- 
dean, the Egy])tian, and the Grecian skies have a 
resemblance which cannot be overlooked. Some 
have conceived that this resemblance may be 
tmeed also in the Indian and Arabic constellations, 
at least in those of the zodiac*". But while the 
figures are the same, the names and traditions con- 
nected with them are different, according to the 

*' So also the Greeks. Homer, Od. I. 

ApKTOV r}v /cat apa^nv fTriK\r}(rip Kiik^ovinv. 

The nortliern bear whicli oft tlic wain they call. 

ApKTos was the traditional name, tliat suggested by the 

form. 

Dupuis, vi. 548, The Indian zodiac contains, in the place 
of our Capricorn, a ram a/id a fish, wliicli proves the resem- 
blance without chance of mistake. Bailly, i. p. 157. 
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histories and localities of each country*"; the river 
among the stars which the Greeks called the Eri- 
danus, the Egyptians asserted to be the Nile. Some 
conceive that the signs of the zodiac, or path along 
which the sun and moon pass, had its divisions 
marked by signs which had a reference to the course 
of the seasons, to the motion of the sun, or the 
emi)loyraents of the husljandman. If we take the 
position of the heavens, which, from the knowledge 
wo now ])ossess, we are sure they must have had 
15000 years ago, the significance of the signs of the 
zodiac, in which the sun was, as referred to the 
Egyptian year, becomes very marked’", and has led 
some to sui)pose that the zodiac was invented at 
such a period. Others have rejected this as an im- 
probably great anti<iuity, and have thought it more 
likely that the constellation assigned to each season 
was that which at that season rose at the beginning 
of the night : thus the balance (which is conceived 
to designate the equality of days and nights) was 
placed among the stars which rose in the evening 
when the spring begtin : this would fix the origin of 
these signs 2500 years before our era. 

It is clear, as has already been said, that fancy, 
and probably superstition, had a share in forming 
the collection of constellations. It is certain 
that, at an early period, superstitious notions were 
associated with the stars”. Astrology is of very 

*" Dupui% vi. 549. "" Laplarc, Hist. Astron. p. 8. 

Dupuis, vi. 546. 
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hf^ antiquity in the East The stars were suppt/sed 
to inflitence the character and destiny of manj-and 
to be in some way connected with superior natures 
and powers. 

We may, I conceive, look upon the formation of 
the constellations, and the notions thus connected 
with them, as a very early attempt to find a mean- 
ing in the relations of the stars ; and as an utter 
failure. The first effort to associate the appearances 
and motions of the skies by concejitions implying 
unity and connexion, was made in a wrong direc- 
tion, as may very easily be supposed. Instead of 
considering the appearances only with reference to 
space, time, numl>er, in a manner purely rational, a 
number of other elements, imagination, tradition, 
hope, fear, awe of the supernatural, belief in des- 
tiny, weie called into action. Man, young as a phi- 
losopher at least, had yet to learn what notions his 
successful guesses on these subjects must involve, 
and what they must exclude. At that period, 
nothing could be more natixral or excusable than 
this ignorance ; but it is curious to see how long 
and obstinately the belief lingered (if indeed it be 
yet extinct) that the motions of the st,ars, and the 
dis))ositions and fortunes of men, may come under 
some common concejdions and laws, by M^hich a 
connexion between the . one and the other may be 
<jstablished. 

We cannot, therefore, agree with’ those who con- 
sider astrology in the early ages as “ only a de- 
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giVadml aHtvoiioiuy, ■ the ahu^‘ of a more ancient 
soi^nice”'.” It was the first step to Jistronomy, by 
leading to habits and means of grouping [ihcnomena ; 
and, after a while, by showing that pictorial and 
mythological relations among the stars had at least 
no very obvious value. From that time, the induc- 
tive process went <ju stea«lily in the true road, under 
the guidance of ideas of space, time, and number. 


/S'cei. 7 . — T/te Planets. 

W HiLE men Mere becoming familiar with the fixed 
stai-s, the plaiusts must have attracted their notice. 
Venus, from her biightness, and from hor accom- 
panying the sun at no great distance, and thus 
appearing as the mornit)gand evening star, was very 
conspicuous. I’ythagoras is said to have maintained 
that tlu5 evening and morning star are the same 
body ; which certainly must have been one of the 
earliest discoveries on this subject ; and indeed, we 
can hardly conceive men noticing the stars for a 
year or tuo without coming to this conclusion. 

Ju])iter and Mars, sometimes still brighter than 
V enus, M’ore also very noticeable. Saturn and Mer- 
curv M ere less so, but in fine climates they and their 
motion m’ouUI soon be detected by persons observ- 
ant of the heavens. To reduce to any rule the 
movements of these luminaries must have taken 


Dupuis vi. 546. 
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time and thought ; pmbably before this was done, 
certainly very early, these heavenly bodies were 
brought more peculiarly under those views .M'hich 
we have noticed as leading to astrology. 

At a time beyond the reach of certain history, 
the planets, along with the sun and moon, had been 
arranged in a certain recogni.sed order by the Egyp- 
tians or some other ancient nation. Probably this 
arrangement had been made according to the slow- 
ness of their motions among the stsirs ; for though 
the motion of each is very variable, the gradation of 
their velocities is, on the whole, very manifest ; and 
the different rate of travelling of the different 
planets, and pi’obably other circumstances of differ- 
ence, led, in the ready fancy of early times, to the 
attribution of a peculiar character to each luminary. 
Thus Saturn Avas held to be of a cold and gelid 
nature ; Jupiter, who, from his more rapid motion, 
was supposed to be lower in place, was temperate ; 
Mars, fiery, and the like ’^ 

It is not necessary to dwell on the details of these 
speculations, but we may notice a very remarkable 
evidence of their antiquity and generality in the 

““ Achilles Tatius (Uranol. p. 1.35, 13(i,) gives the Grecian 
and Egyptian names of the planets. 

Ef'yptiaii. Greek, 

Saturn . . Nfft€(rca)f Kpovov atrrrjp (fyaivtop 

J upitor . . OcripiSos Aios ^ac^cai/ 

Mars . . *llpaK\€OVS TTVpOdS 

Venus . . AtppobiTTjs €(0(r(f>opos 

Mercury AnoWwos 'Eppov (rrCK^fov 
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structure of ono of the most familiar of our mea- 
sures of time, the week. This distribution of time 
according to periods of seven days, comes down to 
us, as we learn from the Jewish scriptures, from the 
beginning of man’s existence on the earth. Tlie 
same usage is found over all the East ; it existed 
among the Arabians, Assyrians, Egyptians'*. The 
same week is found in India among the Bramins ; it 
has, there also, its days marked by those of the 
heavenly bodies ; and it has been ascertained that 
the same day has, in that country, the name corre- 
sponding with its designation in other nations. 

The notion which led to the usual designations of 
the days of the week is not easily unravelled. The 
days each correspond to one of the heavenly bodies, 
which w'cre, in the earliest systems of the world, 
conceived to be the following, enumerating them in 
the order of their remoteness from the earth®’; 
Saturn, Jupiter, Mars, the Sun, Venus, Mercury, 
the Moon. At a later period, the received systems 
placed these seven luminaries in the seven sphei'es. 
The know'ledge M’hich Avas implied in this view, and 
the time w hen it was obtained, we must consider here- 
after. The order in which the names are assigned to 
the days of the week (beginning with Saturday,) is, 
Saturn, the Sun, the Moon, Mars, Mercury, Jupiter, 
Venus ; and various accounts are given of the manner 
in which one of these orders is obtained from the 

■’ riiilol. Mus. No. 1. ' 


Laplace, Hist. Astron. p. It). 
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other; all the iiiethodi^ })im^eeding upoi]’Certaiii;ar,Ui-^ 
trary arithmetical processes, connected in some way 
>vith astrological views. Jt is perhaps not worth our 
while lierc to examine further the steps of this pro- 
cess ; it would be diflicult to determine with certainty 
why the former order of the planets was ado})ted, and 
how and why the latter was deiluced from it. But 
there is something very remarkable in the univer- 
sality of the notions, ajjparently so fantastic, which 
have j)roduced this result; and wo may ])robably 
consider the week, witli Laplace '", as “ the most 
ancient inomiment of astronomical knowledge-” 
This period has gone on without interruption or 
irregularity from the earliest recorded times to our 
own days, traversing the extent of ages and the 
revolutions of empires; the names of tlio ancient 
deities which were associated Avith the stars have 
been rej)laced by those of the objects of the worship 
of our Teutonic ancestors, according to their views 
of the correspondence of the two mythologies ; and 
the Quakers, in riyecting these names of days, have 
cast aside the most ancient existing relic of astro- 
logical as well as idolatrous superstition. 

Sect. 8 . — The Circles of the Sj)hcre. 

The inventions hitherto noticed, though undoubtedly 
they were ste]>s iji astronomical knowledge, can 

liist. Ast. p. 17 . ^ 
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b6 considered tis purely technical and scieii- 
tific speculations ; for the exact reckoning of time 
is oiie of the wants, even of the least civilized 
nations. But the distribution of the places and 
motions of the heavenly bo<lies by means of a celes- 
tial sphere with imaginary lines drawn upon it, is a 
step in speculative astronomy, and was occasioned 
ami rendered important by the scientific ]>ropensities 
of man. 

Tt is not easy to say with whom this notion ori- 
ginated. Some parts of it are obvious. The ap- 
peanince of the sky naturally suggests the idea of 
a concavi! sphere, with the stars fixed on its siirfiice. 
Their motions during any one night, it would la? 
readily seen, might be representc^d by supposing this 
sphere to turn round a pole or axis ; for there is a 
conspicuous star in the heavens which appanmtly 
stands still ', all the others travel round this in 
circles, and keep the same positions with res]>ect to 
each other. This stationary star is every night the 
same, and in the same place ; the other stars also 
have the same relative j)osition ; but their general 
])osition at the same time of night varies gradually 
from night to night, so as to go throiigh its cych' of 
apj»earanccs once a year. All this would obviously 
agree with the su])position that the sky is a concave 
sphere or dome, that the stars have fixed jdaces on 
this sphere, and that it i-evolves perpetually and 
unifonnly about the i)ole or fixed point. 

But this supposition does not at all ex])lain tlu> 
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way in which the ap})earaiiGes of different night» 
succeed each other. This, however, may be ex^j 
jilained, it apjwars, by supposing the mn also to 
move anmif) the stars on the surface of the concave 
sphere. The sun by his brightness makes the stars 
invisible which are on his side of the heavens ; this 
we can easily believe ; for the moon, when bright, 
also puts out all but the largest stars, and we see 
the stars appearing in the evening, each in its place, 
according to their degree of splendour, as fast as 
the declining light of day allows them to become 
visible. And as the sun brings day, and his absence 
night, if he move through the circuit of the stars in 
a year, we shall have, in the course of that time, 
every part of the starry sphere in succession pre- 
selited to us as our nocturnal sky. 

This notion, that the sun movm round amontf the 
stars in a year, is the basis of astronomy, and a con- 
siderable part of the science is only the develope- 
ment and particularisation of this general concep- 
tion. It is not easy to ascertain either the exact 
method by which the path of the sun among the 
stars was determined, or the author and date of the 
discovery. That there is some difficulty in tracing 
the course of the sun among the stars will be clearly 
seen, when it is considered that no star can ever* bo 
seen at the same time with the sun. If the whole 
circuit of the sky be divided into twelve parts or 
signs, it is estimated by Autolycus, the oldest 
writer on these subjects whoso works remain to 
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us "V that the stars in one of these parts are absorbed 
by the solar rays, so that they cannot be seen. Hence 
the stars which arc seen nearest to the place of the 
setting and the rising sun in the evening and in the 
morning, are distant from him by the half of a sign ; 
the evening stars being to the west, and the morn- 
ing stars to the east of him. If the observer had 
jireviously obtained a knowledge of the places of 
all the principal stars, he might in this way deter- 
mine the position of the sun each night, and thus 
tmce his path in a year. 

In this, or some such way, the sun’s path was de- 
termined by the early astronomers of Egypt. Thales, 
who is mentioned as the father of Greek astronoihy, 
probably learnt among the Egyptians the results of 
such speculations, and introduced them into his own 
country. His knowdedge, indeed, must have been a 
great deal more advanced than that which we are 
now describing, if it be true, as is asserted, that he 
predicted an eclipse. But his having done so is not 
very consistent with what we are told of the steps 
which his successors had still to make. 

The circle of the signs, in which the sun moves 
among the stars, is obliquely situated M'ith regard to 
the circles in which the stai-s move about the })oles. 
PlinyM states that Anaximander"*, a scholar of 
Thales, vsras the first person who pointed out this 

Delaml). A. A. p. xiii. ’* Lib. ii. o. (viii.) 

Plutarch, Dc Plac. Pliil. lib. ii. c.ap. xii. sjiys Pythagoras 
wjis the author of ibis discoveiy. 
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obliquity, and thus, as J)e says, o])oned the gate of 
nature. '' Certainly the person }yh() first had a clear 
view of the nature of the sun’s path in the celestial 
sphere, made that stej) which led to all the rest ; 
but it is difficult to conceive that the Egyptians and 
Chaldeans had not already advanced so far. 

The diurnal motion of the etdestial sjdiere, and 
the motion of the moon in the circle of the signs, 
gave rise to a mathematical science', f/ie Doctrine of 
the Sphere^ which was one of the earliest branches 
of applied mathematics. A number of technical 
conceptions and terms were soon introduced. The 
sphere of the heavens was conceived to l)e comj)lete, 
though wo see but a part of it ; it was supposed to 
turn about the visible pole and another pole opposite 
to this, and these jjoles were connected by an imagi- 
nary aris. The circle mIucIi divided the s])here 
exactly midMay between these poles was called the 
equator {lar^fiepivo^;.) The two circles parallel to this 
which bounded the sun’s path among the stars were 
called tropics {rpoirtKcu) because the sun turns back 
again towards the equator when he reaclu'S them. 
The stars which never set are l)Ounded by a circle 
called the Arctic circle {%p!CTLico^, from ap/cro^, the 
bear, the constellation to which some of the prin- 
cipal stars within that circle belong.) A circle 
about the opposite pole is called antarctic^ and the 
stars which are within it can never rise to us*". The 

The arctic and antarctic circles of modern astronomers arc 
ditferent from these. 



ITS EARLIEST STAGES. 


U5 

sun’s path or circle of the signs is called the zodiac, 
or circle of animals; the points where this circle 
meets the equator are the equinoctial points, the days 
and nights being equal when the sun is in them ; 
the solstitial pohits are those where the sun’s path 
touches the tropics ; his motion to the south or to 
the north ceases when he is there, and he appears in 
that respect to stand still. The colures {KoXovpoc, 
mutilated) are circles which pass through the poles 
and througli the equinoctial and solstitial points ; 
they have their name because they are only visible 
in part, a portion of them being below the horizon. 

The horizon (opi^coy) is commonly understood as 
the boundary of the visible earth and heaven. In 
the doctrine of the sphere, this boundary is a great 
circle, that is, a circle of which the plane passes 
through the centre of the sphere ; and, tliercfore, an 
entire hemisphere is always above the horizon. The 
term occurs for the first time in the work of Euclid, 
called Plicenomena {^aivopeva). We possess two 
treatises written by Autolycus^* (about 300 n.c.) 
which trace deductively the results of the doctrine of 
the sphere. Supposing its diurnal motion to be uni- 
form, in a work entitled Jlept Kivovjjievri^; S(f>aLpa^, “ On 
the Moving Sphere,” he demonstrates various ])ro- 
perties of the diurnal risings, settings, and motions 
of the stars. In another work, Tlept EttltoXcov kul 
Avaewv, “ On Risings and Settings tacitly assuming 

Delambre, Astroii. Ancienne, p. 11>. tb. j). 25. 
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the sun’s motion in his circle to be uniform, he proves 
ccrtuin propositions, with regnni to the risings and 
sottiiifvs i)f tlie stars, at the same time when the sun 
rises and sots“, or rice vo’siV*-, and also their apparent 
rising's and settings when they cease to he visible 
after sun-set, or begin to be visible after sun-rise^’. 
Several of the itropositions contained in the former 
of these treatises are still necessary to be understood, 
as fundamental parts of astronomy. 

The work of Euclid, just mentioned, is of tlu' same 
kind. Delambre"' finds in it ovjdc'iice that Euclid 
was merely a book-astronomer, wbo had never ob- 
served the heavens. 

We may here remark tlui lirst instance of that 
which we shall find abundantly illustrated in every 
{)art of the history of science ; that man is prone to 
become a deductive reasoner; — that fis soon as he 
obtains principles which can be traced to details by 
logical conse(|uence, he sets about fonning a body 
of science, by making a systtun of such reasonings. 
Geometry has always been a tiivourite mode of exer- 
cising this propensity : and that science, along with 
Trigonometry, Plane and Sj)herical, to which the early 
problems of astronomy gave rise, have, vq) to the 
])resent day, been a constant field for the exercise of 
mathematical ingenuity ; a few siin])le astronomicar 
truths being assumed as the basis of the reasoning. 

Cosmical setting !iiid rising. /Icroiiiral. \ 

llfliacal. “ A. A. ji. .'ill. 
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Sect 9. — T/ie Globular Form of the Earth, 

The establishment of the globular form of tlie earth 
is an important stej) in astronomy, for it is the first 
of those convictions, directly o])posed to the a])parent 
evidence of the senses, which astronomy irresistibly 
proves. To make men believe that up and down are 
different directions in diOerent jdaces; that the sea, 
which seems so level, is, in fact, convex ; that the 
earth, which a])])ears to rest on a solid foundation, is, 
in fact, not supj^orted at all ; are great triumphs 
both of the power of discovering and the power of 
convincing. We may readily allow this, when we re- 
collect how recently the doctrine of the antipodes, or 
the existence of inhabitants of the earth, who stand on 
the oj)posite side? of it, with their feet turned towards 
ours, was considered l>oth monstrous and hen^tical. 

Yet the different positions of the horizon at 
different places, necessarily led the student of spheri- 
cal astronomy toward this notion of the earth as 
a round body. Anaximander^' is said by some 
to have held the earth to be globular, and to be 
detached or suspended ; he is also stated to have 
constructed a S[)here, on which were shown the ex- 
'tent of land and water. As, however, we do not 
know the arguments u])on which he maintained this 
o])inion, we cannot judge of its value ; it may have 
been no better founded than a different o|)inion 


Soo Rruckor, vol. i. |>. 480 . 
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jiscribod to liini by liuortiu.s that the earth had tiie 
sha|)o of a pillar. Probably, the authors of the doc- 
trine of the globidar form of the earth were led to 
it, as we have said, by observing the different height 
of the pole at different places. They would find that 
the space which they passed over from north to 
south on the earth, was proj)ortional to the change' 
of place of the horizon in the celestial sjdiere ; and 
as the horizon is, at every place, in the dirc'ction of 
the earth’s apparently level surface', this eibservatioii 
woiilel naturally suggest to the'in the eepinion that the 
earth is placed within the celestial sphere*, as a small 
gleibe in the midelle eef a much large*!’ one. 

We tinel this ehee-trine se) elistinctly insiste'el een by 
Ai’isteetle, that we may ah!ie)st leeok een him as the 
establisher of it"". “ As to the figure of the earth, 

it must neces.sarily lee sphe'rical.” This he |>rove*s, 
first by the tenelency eef things, in all jelaces, eleewn- 
warels. He then adds^”, “ Anel, meereeever, freem the 
phenomena acceerding tee se>nse: for if it were neet see, 
the eclipses eef the moeen weeuhl neet luive such sec- 
tions as they have. Feer in the' ceenfig-uratieens in thee 
course of a month, the; eU'ficie'iit part take's all differ- 
ences ; for it is straight, anel cone'ave, anel convi;x ; but 
in eclipses it always has the line of eli vision convex; 
wherefeu’e, since the moeen is eclijesed inconsequence 
of the interpositieeti of the earth, the jeeriphery eef 
the earth, having a sjeherical form, must be the cause 

Arist. dp (Vi?lo. Jiib. ii. cap. xiv. C^isaub. p. 290 F. 

p. 291 0. 
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of this. Ami again, by the ap])earances of the stars, 
it is clear, not only that it is spherical, but that its 
size is not very large : for when \vc make a small 
removal to the soutli or the north, the circle of the 
liorizon becomes j)alpably (liflerent ; so that the stars 
vertically over us undergo a great change, and are 
not the same to tliose that travel to tlu^ north and 
to the south. For some stars arc seen in Egypt or 
at Cyi)rus, but are not seen in tlie countries to the 
nortli of these ; and tlie stars that in the north are 
visilde Avhile they make a complete circuit, there 
undergo a setting. So that from this it is manifest, 
not only that the form of tlie earth is round, but also 
that it is a part of not a very largo sphere : for other- 
wise the dirtereiice would not be so obvious to per- 
sons making so small a change of j)lace. Wherefore 
W(j may judge that those persons ivJio connect the 
region in the neifjlibourhood of the pillars of Hercules 
uritk that towards India, and who assert that in this tcay 
the sea is one, do not assert things very imiirobable. 
They confirm this conjecture by the elephants, which 
arc said to be of the same species ( 7 fcTo?) towards 
each extreme ; as if this circumstance was a conse- 
quence of the conjunction of the extremes. The 
' mathematicians, who try to gather from rt^asoning 
the measure of the circumference, make it amount 
to 400,000 stadia; whence we collect that tlu' earth 
is not only spherical, but is not large compared with 
the magnitude of the other stars.” 

When this notion was once suggested, it was de- 
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fended and confirmed by such argnmonts as wo find 
ill later writers: for instance that tJie tendency of 
all things was to fiill to the jilace of heavy bodies, 
and that this place beiiipf the centre of the earth, the 
whole earth had no such tendency ; that the inequa- 
lities on the surface were so small as not materially 
to affect the shape of so vast a mass ; that drops of 
water naturally form themselves into figures with a 
convex surface; that the end of the ocean would 
fall if it were not rounded off; that we see shijis, 
when they go out to sea, disappearing downwards, 
which shows tlie surface to be convex. These are 
the arguments still employed in impressing the doc- 
trines of astronomy iijion the student of our own 
days; and thus we find that, even at tlie early i)(u*iod 
of which we are now speaking, truths had Ijegun to 
accumulate which form a part of our jiresent 
treasures. 


Sect. 10. — The Phases of the Moon. 

VV iiLN men had formed a steady notion of the moon 
as a solid body, revolving about the earth, they had 
only further to conceive it spherical, and to su|)pose 
the sun to be beyond the orbit of the moon, and they 
would find that they liad obtained an explanation of 
the varying forms which the bright part of the moon 
assumes in the course of a month. For the convex 


1*1 ii v, >'at. llibt. ii. lxv. 
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side of tho crc8Ccnt-moon, and her fuU edge when 
she is gibbous, arc always turneil towards the sun. 
And this ex[)lanation, once suggested, would be con- 
firmed, the more it was examined. For instance, if 
there be near us a sidierical stone, on which the sun 
is shining, and if we })lacc ourselves so that this stone 
and the moon are seen in the same direction, (the 
moon appearing just over the top of the stone,) we 
shall find that the visible part of the stone, which is 
then illuminated by tho sun, is exactly similar in form 
to the moon, at whatever period of her changes she 
may be. The stone and the moon lieing in the same 
position witli respect to us, and both being enligh- 
tened Ity tlie sun, the bright i)arts are the same, in 
figure ; tho only difference is, that the dark part of 
the moon is usually not visible at all. 

This doctrine is ascribed to Anaximander. Aris- 
totle W!is awan^ of it. (Frob. 15.) It could notn ell 
escap<‘ the Chahh'ans and Fgy])tians, if tlu'y specu- 
lated at all about the causes of the appearances in 
the heavens. 


Serf. 11. — Er/ipsen. 

' These occurrences, from the earliest times, were 
regarded with a peculiar interest. The notions of 
superhuman influences and relations, which, as we 
have set^n, Avere associated, from the earliest times, 
Avith the luminaries of the sky, made men look Avith 
alarm at any sudden and striking change in those 
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objects ; and as the constant and steady course of 
the celestial revolutions was contemplated with a 
feeling of admiration and awe, any marked inter- 
ruption and deviation in this course, was regarded 
with surprise and terror. This appears to be the 
case with all nations at an early period of their 
civilization. 

This impression would cause eclipses to bo noted 
and remembered ; and accordingly wo find that the 
records of eclipses are the earliest astronomical in- 
formation which we possess. When men had dis- 
covered some of the laws of succession of other 
astronomical phenomena, for instance, of the usual 
a])pearances of the moon and sun, it might then 
occur to them that these unusual aj)pearances also 
might probably be governed by some rule. 

The search after this rule was successful at an 
early period. Tlie Chaldeans were able to predict 
eclipses of the moon. This they did, ])robal)ly, by 
means of their cycle of 223 months, or about 18 
years; for at the end of this time, the eclij)ses of the 
moon begin to return, at the saim^ intervals and in 
the same order as at the beginning Probably this 
was the first instance of the |)rediction of peculiar 
astronomical phenomena. The Chinese have, indeed, 
a legend, in which it js related that a solar echj)se 
happened in the reign of Tchong-kang, above 2000 


The (?eli|»sesof the sun are iiinre ilillicult to calculate; since 
they depend upon the pla e of the spectator on the earth. 
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years before Christ, and that the emperor was so 
much irritated against two great officers of state, who 
laid neglected to predict this eclipse, that he 2 )ut 
them to death. But this cannot be accepted as a 
real event: for during the next ten centuries, we 
find no single observation, or fact, connected with 
astronomy, in the Chinese histories ; and their astro- 
nomy has never advanced beyond a very rude and 
i mperfect condi tion. 

We can only conjecture the mode in which the 
Chaldeans discovered their period of 18 years ; and 
we may make very different sup|tositions with regard 
to the degree of science by which they were led to 
it. We may su])pose, with Delambre’’\ that they 
carefully recorded the eclipses Mhich happened, and 
then, by the inspection of tlnnr registers, discovered 
that those of the moon recurred after a certain period. 
Or we may suppose, with other .authors, that they 
sedulously determined the motions of the moon, and 
having obtaiiual these with considerable accuracy, 
sought ami found a period which should include 
cycles of these motiojis. This latter mode of jwo- 
ceeding would ini|)ly a considerable degree of 
knowledge. 

It ai)pears [irob.ablc rather that such a jieriod was 
discovered by noticing the remrmice of eclipses, than 
by studying the moon’s motions. After 0585', d.ays, 
or 223 lunations, the s.ame eclijtses nearly will recur. 


A. A.; p. 212. 
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It is, not contested tliat the Chaldeans were ac- 
quainted witli tins period, which they called Saros ; 
or that they calculated eeli])ses by means of it. 

Sect. 12 . — Sequel to the Earhj Stages of Astronomy. 

Every stage of science has its train of practical aj)- 
])lications and systematic inferences, arising both 
from the demands of convenience and curiosity, and 
from the i)leasure, which, as we have alrea<ly said, 
ingenious and active-minded men feel in exercising 
the i)roeess of deduction. Tlie earliest condition of 
astronomy in which it can be looked upon as a 
science, exhibits several examples of such applica- 
tions and inferences, of which we may mention a 
few. 

Prediction of Eclipses . — The cycles Ashich served 
to kee[) in order the calendar of the early nations of 
anticiuity, in some instances enabled them also, as 
has just been stated, to predict ecli])ses; and this 
a})|)lication of knowledge necc'ssarily excited great 
notice. 

• Terrestrial Zones . — The globular form of the 
earth being assent(*d to, the doctriiu' of the sjdiere 
was applied to the earth as well as the heavens; 
and its sui'tace was divided by various imaginary 
circles; among the r(*st, the equator, the tro[)ics, and 
circles at the sarn(‘ distance from the poles as the 
tropics are from the (‘(piator. One of the curious 
consefpienct's of this division was the* assumption^ 
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that thero must be some marked difference in the 
sti-ipes or zones into which the earth’s surface was thus 
divided. In going to the south, men found countries 
hotter and hotter, in going to the north, colder and 
colder; and it was supposed that the space between 
the tropical circles must be uninhabitable from heat, 
and that within the polar circles, again, uninhabitable 
from cold. Tliis fancy was, as wo now know, en- 
tirely unfounded, lint tlic ])rinciple of the globular 
form of the earth, wlien dealt with by means of 
spherical geometry, led to many true and im])ortant 
prop<Jsitious concerning^ the lengths of days and nights 
at dilferent places. 

(inomonick . — Another important result of the 
doctriiu' of the sphere was Onomonick or Dialling. 
Anaximenes is said by Pliny to have fii’st tanght 
this art in Greece; and both he and Anaximander 
are re[»orted to have erected the first dial at Lace- 
demon. 

Afea-sure of the Sim's Distance . — ^The exjjlanation 
of the ])hases of the moon led to no result so re- 
markable as the attempt of Aristarchus of Samos to 
<djtaiu from this doctrine a measure of the distance 
of the sun as compared with that of the moon. If 
the moon was a ]H‘rfectly smooth s])here, when she 
was exactly midway between the new and full in 
position (that is a rpuidrant from the sun) she would 
he somewhat more than a half moon ; and the jdace 
when she was dichotomised, that is, was an exact semi- 
circle, the bright i)art being bounded l)y a straight 
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line, would depend uj)on the sun’s distance from the 
earth. Aristarchus endeavoured to fix the exact 
place of this dichotomy ; but the irregularity of the 
edge which bounds the bright ])art of the sun, and 
the difficulty of measuring with accuracy, by means 
then in use, either the precise time, when the boun- 
dary was most nearly a straight line or the exact dis- 
tance of the moon from the sun at that time, rendered 
his conclusion false and valueless. He collected that 
the sun is at 18 times the distance of the moon 
from us ; we now know that he is at 400 times the 
moon’s distance. 

It would be easy to dwell longer on subjects of 
this kind ; but we have already perhaps entered too 
much into detail. We have been tempted to do 
this by the interest which the niatlieinatical spirit of 
the Greeks gave to the earliest astronomical dis- 
coveries, when these were the subjects of their rea- 
sonings: but we must now proceed to conteni[)late 
them engaged in a worthier employment, in a(hling 
to these discoveries. 
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Prelude to the Inductive Epoch of 
Hipparchus. 

Without ])rotcMi(liiig tliat wo have exhausted tlie 
consequences of the elementary discoveries which 
we Jiave eimnn'rated, we now j)roceed to consider 
the nature and circumstances of tlie next great dis- 
covery whicli makes an epoch in the history of 
astronomy ; and this wo shall find to he the theory 
of ej)icycles and eccentrics. Before, however, we 
relate the establishment of this theory, we must, 
according to the general ])lan mx* have marked out, 
notice some of the conjectures and attem])ts by which 
it was preceded, and the growing acquaintance with 
facts, which made the want of such an explanation 
f«‘lt. 

In the steps previously made in astronomical 
knowledge, no ingenuity had been reipiired, to devise 
the view which was adojited. The motions of tlie 
stars and sun were most natumlly and almost irre- 
sistibly conceived as the results of motion in a 
revolving sphere ; the indications of j>osition which 
we obtain from difterent places on the earth’s surface, 
when clearly combined, obviously present a globular 
shape. In those cases the first conjectures, the sup- 
position of the simplest form, of the nnist uniform 
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motion, required no after-eorreetion. But this mani- 
fest sinn)lieity, this easy and obvious explanation, did 
not apply to the movement of all the heavenly bodies. 
The planets, the “ wandering stars,” could not be so 
easily understood ; the motion of each, as Cicero says, 
‘‘ undergoing very remarkable changes in its course, 
going before and behind, quicker and slower, appearing 
in the evening, but gradually lost there, and emerging 
again in the morning'.” A continued attention to 
these stars would, however, detect a kind of intricate 
regularity in their motions, which miglit naturally 
be described as “ a dance.” The Chaldeans are 
stated by Diodorus^ to have observed assiduously 
the risings and settings of the planets, from the top 
of the tenij)le of Belus. By doing this, they would 
find the times in which the forwards and backwards 
movements of KSaturn, Jupiter, and Mars recur; and 
also the time in which they come round to the sanu? 
])art of the heavens’. Wuuis and Mercury never 
recede far from the sun, and the intervals which 
elapse while either of them leaves its gri^atest dis- 
tance from the sun ami r<'turns again to the 

’ Cic. (le Nat. f). lib. 2. p. 4/>0. cpifp Saturni slolln 

ilicitur, </)atVa)j/que a firci'cis noniinatur, fjuai a terra alx sl pliiri- 
inum, XXX fere aniiis cursum suiru eoiifieit; in <[Uo cursu inulta 
liiirahiliter efneiens, turn antecodciulo, tuin retardamlo, turn ves- 
pertinis temporibus de]it<\soeii<b>, tuin inatiitiiiis sc lursuiii 
aperiendo, nibil irninutat sempitiTiiis sa'culoruiii a.‘tatibiis, quin 
eadein iisdeni teinj>oribus efiiciat.*' And so of the other planets. 

* Del. A. A. ; p. i. " Plin. 11. N. ii. p, 204. 
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greatest distance on the same side, would easily be 
observed. 

Probably the manner in which the motions of the 
planets were originally reduced to rule was something 
like the following: — In about 30 of our years, Sa- 
turn goes 29 times through his anomaly, that is, tlie 
succession of varied motions l>y which he sometimes 
goes forwards and sometimes backwards among the 
stars. During tliis time, he goes once round the 
lieavens, and returns nearly to the same j)lace. 

Perlia])s the eastern nations contented themselves 
with thus referring these motions to cycles of time, 
so as to determines their recurrence. Something of 
this kind was done at an early period, as w’e have 
seen. 

But the Greeks soon attempted to frame to them- 
selves a sensible image of the mechanism by which 
these com])lex motions were produced : nor did they 
hud this difficult. Venus, for instance, w ho, upon the 
whole, moves from west to east among the stars, is 
seen, at certain intervals, to return or move retrograde 
a short way back from east to west, then to become 
for a short time stationary, then to turn again and 
resume her direct motion westward, and so on. Now 
this can be explained by supposing that she is placed 
in the rim of a wheel, wdiicli is turned edgeways to 
us, and of which the centre turns round in the 
heavens from west to east, wdiile the wheel, carrying 
the ])lanet in its motion, moves round its own centre. 
In this way the motion of the w heel about its centre. 
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would, in some situations, counterbalance the goiwnil 
motion of the centre, and make the planet retrograde, 
while, on the whole, the westerly motion would pre- 
vail. Just as if we suppose that a i)erson, holding a 
lamp in his hand in the dark, and at a distance, so 
that the lamp alone is visible, should run on turning 
himself round; we should seethe light sometimes 
stationary, sometimes retrograde, but on the whole 
progressive. 

A mechanism of this kind was imagined for each 
of the idancts, and the wheels of which we have 
spoken were, in the end, called epicycles. 

The ap])lication of such mechanism to the planets 
appears to have arisen in Greece about the time of 
Aristotle. In the works of Plato mo find a strong- 
taste for this kind of mechanical speculation. In 
the tenth Ijook of the “ Polity,” we have the apologue 
of Alcinus the Pam|)liylian, who, being su])posed to 
be killed in battle, revived when he was placed on 
the funeral pyre, and related what he had seen 
during his trance. Among other revelations, he 
beheld the machinery by whicli all tlu‘ celestial 
bodies revolve. Th(‘ axis of these revolutions is tlie 
adamantine distaff which Destiny holds between her 
knees; on this are fixed, by means of different 
sockets, flat rings, by which the planets are carried. 
The order and magnitinh* of tlu^se spindles are mi- 
nutely detailed. Also, in the ‘'Epilogue to the 
Laws” (Epinomis), he again describes the various 
movements of the sky, so as to show a distinct 
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acquaintance Mjtli the g’eiie?*al character of the 
planetary motions : and, after s])eakinpf of the 
tians and Syrians as tlic original cultivators of such 
knowledge, he adds some very nanarkahle exhorta- 
tions to his countrymen to ju-osecutc tlie sul)j(H*t. 
“Whatever we Creeks,” he says, “ rec(‘ive from the 
harl^arians, we improve and perfect ; then^ is good 
hope and ])romis(', therefore, that (J reeks will carry 
this knowledge far heyond that which was introduced 
from alu’oad.” To this task, however, he looks with 
a due ap{)reciation of the (pialities and ])rej)aratifni 
which it re(juires. “An astronomer must be,” he 
says, “ the wisest of men ; his mind must l)e duly dis- 
ci[)lined iu youth; especially is naithematical study 
necessary; l)oth an acMiuaintaiice with the doctrine 
of number, and also with that otlier branch of mathe- 
matics, whicli, closely connected as it is witli the 
science* of the heacois^ we very absurdly call <fromcfrj/y 
the nu*asurement of the earth\'" 

These anticipations Avere ve*rv remarkably verilied 
in the sul)se(juent career of the tJreek astro- 
nomy. 

The theory, once suggested, ])robably made ra])id 
^])rogress. Simjdicius' relates, that Ihidoxus of 
Cnidus, introduced tin* hy|)othesis of revolving circles 
or s])heres. Calipi)us of Cyzicus, having visited 
Polemarchus, an intimate frieiul of ihidoxus, they 
went together to Athens, and communicated to Aris- 

■* Kpinoniiv., ])p. OHH, 

^ J^ib. ii. (Ic ( Wlo. Bulliahliis, p. 18. 
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totle the invention of Eudoxus, ancLwitli his help 
improved and corrected it. 

Probably at lirst this hypothesis was applied only 
to account for tlie general jdienoinena of the pro- 
gTessions, retrogradations, and stations of the ])laiict; 
but it was soon found that the motions of the sun 
and moon, and the circular motions of tlio planets, 
which the liyjiothesis 8up])osed, had anomaHes or irre- 
gularities, which made a further extension of the 
hypothesis necessary. 

The defect of uniformity in tliese motions of the 
sun and moon, tliougli less aj)parent than in the 
})lanets, is easily detected, as soon as men endeavour 
to obtain any accuracy in their observations. Vio 
have already stated (Chap. I.) that the Chaldeans 
were in ])os8cssion of a ])eriod of aljout 18 years, 
Avliich they used in the calculation of ecli[>ses, and 
whicli might have be(‘n discovered by close observa- 
tion of the moon’s motions ; although it was ])robably 
rather hit u})on by noting the r(‘currence of eclipses. 
The moon moves in a manner which is not reducible 
to regularity without considerable care and time. 
If we trace her path among the stars, W(» find that, 
like the })ath of the sun, it is obli(jue to the equator, 
but it does not, like that of the sun, pass over the 
same stars in successive revolutions. Thus its lati- 
tude, or distance from the ecpiator, has a cycle di fie rent 
from its involution among the stars; and its nodes, 
or the ])oiiits whcfe it cuts the e(|iiator, are jier- 
])etually ^‘hanging their position. In addition to this, 
the moon’s motion in her own path is not unifonn ; in 
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the course of each lunation, she moves alternately 
slower and quicker, passing gradually through the 
intermediate degrees of velocity ; and goes through 
the cycle of these changes in something less than a 
month : this is called a revolution of anomaly. 
When the moon has gone through a complete 
number of revolutions of anomaly, and has, in the 
same time, returned to the same jiosition with regard 
to the sun, and also with regard to her nodes, her 
motions with respect to the sun will be the same as 
at the first, and all the circumstances on which lunar 
ecli})ses depend being the same, the eclipses will 
occur in the same order. In C585i days there are 
230 revolutions of anomaly, 241 revolutions with 
regard to one of the nodes, and, as we have said, 
223 lunations or revolutions with regard to tlie sun. 
Ifencci tliis jieriod will bring about a succession of 
the same lunar eclii)ses. 

If the Chaldeans observed the moon’s motion 
among the stars with any consideral)le accuracy, so 
as to detect this ])eriod by that means, they could 
hardly avoid discovering the anomaly or une(|ual 
motion of the moon ; for in every revolution, her 
/ daily progression in the heavens varies from about 
22 to 20 times her own diameter. But there is not, 
in the existence of this period, any evidence that 
they had measured the amount of this variation, 
and Delambre*^ is probably right in attributing all 
such observations to the Greeks. 

A. A. i. 212. 

U 2 
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Tlie sun’s motion would also be seen to be irre- 
gular as soon as men bad any exact mode of deter- 
mining the lengths of the four seasons, l)y means of 
the passage of the sun through the ec|uinoctial and 
solstitial points. For spring, summer, autumn, and 
winter, Avliich would each consist of an equal num- 
l)er of days if the motions were uniform, are, in fact, 
found to be unequal in length. 

It was not very difficult to see that the mechanism 
of epicycles might be ap]died so as to explain irre- 
gularities of tliis kind. A wluud travelling round 
the earth, while it revolved uj)on its centre, might 
produce the effect of making th(' sun or moon fixed 
in its rim go sometimes laster and sometim(‘S slower 
in ap])earance. Just in the same way as the same 
suppositions would account for a ])]anet going some- 
times forwards and sometimes backwards: tlie (q>i- 
cycles of the sun and moon would, for this ])ur])ose, 
be less than those of the planets. Accordingly, it 
is ])rol)al)le that, at tlie time of Plato and Aristotle, 
philosophers were already (mdeavonring to »a])j)Iy the 
hypothesis to thesc^ cases, tliongh it does not a])])ear 
that any one fully succee(l(‘d l)(dbrc‘ J li])])archus. 

The problem Mhicli was thus pres(‘nt to the minds 
of astronomers, and which Plato is said to liave pro- 
posed to them in a distinct form, Avas, To reconcile 
the celestial j)h(‘nomena by the combination of 
equable circular motio]is.” That the circular mo- 
tions should IikeAvi,'(? la* eipiable, Avas a condition, 
Avhich, if it had been merely tried at first, as the 
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most simple and definite eonjeetnre, would have 
deserved praise. Jint this eonditioii, which is, in 
reality, inconsistent with nature, was, in the sequel, 
adhered to with a ])ertinacity wliicli introduced end- 
less complexity into the system. The history of 
this assumption is one of the most marked in- 
stances of that love of simplieity tind symmetry, 
which is the source of all General truths, though it 
so often produces and ])erpetuates error. At pre- 
sent we can easily see liow’ fancifully the notion of 
simplicity and pcM’tection Avas interpreted, in the 
arguments hv which the opinion Avas defended, that 
the real motions of the heavenly Ixxlies must be cir- 
(uilar and uniform. The Pythagoreans, as Avell as 
the Platonists, maintained this dogina. According 
to Geminus, ‘"They su])])osed the motions of the sun, 
and tlie moon, and the Hat^ planets, to be circular and 
e([uable : for they would not alloAv of such disorder 
among divine and eternal things, as that they should 
sometimes move (piicker, and sometimes sloAver, and 
sometimes stand still ; for no one Avould tolerate 
such anomaly in the movements, even of a man, Avho 
Avas decent and orderly. The occasions of life, hoAv- 
ever, an* often reasons for men going quicker or 
sloAver, but in the ineorruptible nature of the stars, 
it is not possible that any cause can be alleged of 
(piickness and sloAvness. Whereupon they pro- 
pounded this question, hoAv the })heiiomona might be 
represented by equable and circular motions.” 

These conjectures and assum])tions led naturally 
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to the establishment of the various parts of the 
theoiy of epieyelos. Tt is probable that tliis tlieory 
was adopted with res])ect to the })lanets at or before 
the time of Plato. And Aristotle gives us an ac- 
count of the system thus devised ^ “Eudoxus,” 
lie says, “ attributed four spheres to each planet : 
the first revolved with the fixed stars (and this pro- 
duced tlie diurnal motion); the second gave* it a 
motion along* the ('clijdic (the mean motion in 
longitude); the third had its axis perpendicular” to 
the ecliptic (and this gave the ine(|nalitv of c‘ach 
])lanetary motion); the fourth produced the oblitpie 
motion transverse to this (the motion in latitude.)” 
lie is also said to hav(‘ attributiMl a motion in lati- 
tude ami a corres|)onding sphere^ to the sun as well 
as to the moon, of which it is dillicult to umhu'stand 
the meaning, if Aristotle has reported rightly of the 
theory; for it would be absurd to ascribe to ICudoxus 
a knowledge of the motions by which the sun de- 
viates from the eclijitic. Calijipus conceived that 
two additional spheres must be given to the sun and 
to the moon, in order to explain the jdienomena: 
probably he was aware of the ine(|ualities of the 
motions of tliese luminaries. lie also ])roposed an 
additional sfdiere for each planet, to account, we may 

^ ^Nfetapli. xi. 8. 

® Ari.^totlc says “ has its ]>o]cs in tlir ofli|)tic/* hut this must 
he a mistakt! of his. lie professes merely to receive these 
opinions from the prof- ssed astronomers ck rrjs oiKdoTarrjt 

(jjLXoaofjHus: T(*}u fji<t6ijfxarLK(av.'* 
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suppose, for tlio results of the ec*contricity of tlie 
orbits. 

The hypothesis, in this form, does not ap])ear to 
have been reduced to measure, and Avas, moreover, 
unnecessarily com})lex. The resolution of the 
ol)li(|iie motion of the moon into two separate mo- 
tions, by Eudoxus, was not the sim|)]est way of 
conceiving it ; and Calippiis imagined the connexion 
of these spheres in some way Avhich made it neces- 
sary nearly to double their number; in this manner 
his system had no less than do s])heres. 

Hnch was the progress Avhich the if/ra of the hypo- 
thesis of e])icycies had made in men’s minds, ]n*e- 
yiously to the establishment of tlie theory by Hip- 
parchus. There had also been a ])re])aration for 
this ste|), on the otluu* side, by the collection of 
Jarfs. Wo know that o))servations of the eclipses 
of the moon Avere made by th(‘ Chaldeans o()7 
n. c. at iialnlon, and AAcre kuoAvn to the CJreeks; 
for ni|)parchus and Ptolemy found their theory of 
the moon on these observations. Perhaps Ave can- 
not consider, as ecjually certain, tlie story that, at the 
time of Alexander’s conquest, they had a series of 
^ obscn-yations, Avhich Avent back IfJOIj years, and 
Avhich Aristotle caused Callisthenes to bring to him 
in Greece. All the Greek obserAations, Avhich are of 
any value, begin Avith the school of Alexandria. 
Aristyllus and Timocharis ap])ear, by the citations 
of lli])parchus, to have observed the places of stars, 
and })lanets, and the times of tlu' solstices, at various 
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periods from b. c. 295 to b. c. 2(j9. AV^itliout their 
observations, indeed, it Avould not have been easy for 
liim to establisli either the theory of the sun or the 
precession of the equinoxes. In order tluit observa- 
tions at distant intervals may be compared Avith eacli 
other, they must be referred to some common era. 
The Chaldeans dated by the era of Nabonassar, 
Avhich commenced 749 B. c. The ( Jreek ol>serA'ations 
Avere referred to the Calii)pic periods of 7(! years, 
of Avhich tlie first began 3ol B. c. These are tlie 
dates usod ])v lli])])archus and Ptolemy. 
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CHAPTER 111. 

Inductive Epoch of IIiprARCiii's. 


SW'/. 1 . — Ksfnhlislnurnt of the Theorjj of Epiri/cle'S 
and hJcrenfric.s. 

Althou(jit, as avo liavc already seen, tlie idea of 
epicycles had l)eeD su^’^ested, the prol)lcm of its 
o'(MU‘ral application pro[)os(Ml, at the tijiie of Plato, 
and the solutions olleri'd l)y liis followers, we still 
consider llip[KU*chus as the real discoverer and 
founder of that tlieory, inasmuch as he not only 
jLi’uessed tliat it juif/ht, hut showed that it nin.sf, 
account for the ])henomena, both as to their nature 
and as to their ([uantity. The assertion that he 
only discovers who proves,” is just ; not only 1)ecause, 
until a th('ory is ])roved to be the true one, it has no 
pr('-eminenc(' over the numerous other ^uosses 
a.mon»* which it circulates, and above which the 
]M’oof alone elevates it; but also because he who 
takes hold of the theory so as to ap])ly calculation 
to it, ])ossesses it with a distinctness of conception 
Iiich makes it })eculiarly his. 

In order to establish the theory of e])icycles, it 
was necessary to assign the magnitudes, distances, 
and positions of the circles or splieres in which the 
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heavenly bodies Averc moA’ed, in such a manner as to 
account for their aj)parent1y irregular motions. We 
may best understand what was tlie problem to be 
solved by calling to mind what \sc now know to be 
the real motions of the heavens. The true motion 
of the earth round the sun, and therefore the ap])a- 
rent annual motion of the sun, is ])erformed, not in 
a circle of Avhich the earth is the centre, but in an 
elli[)se or oval, the earth being lu^arer to one end 
than to the other; and the motion is most rapid 
Avhen the sun is at the nearer end of this oval. J5ut 
instead of an oval, Ave may sup])ose the sun to move 
uiiiforinly in a circle, the eartli being now not in 
the centre, but nearer to one side; for on this su])- 
position, the sun will ap])ear to niovc‘ most (piickly 
Avhen lie is neiirest to the earth, or in his ptrijire, as 
that point is calhsl. Such an orbit is called an 
eccentric^ and the distance of the earth from the 
centre of the circle is called the mvv///vV77y. It may 
easily be shown by geometri(*al reasoning, that the 
inequality of ap]>an‘nt motion so produced, is I'xactly 
the same in detail, as the ine(|uality Avhich folIoAvs 
from the hypothesis of a small c/y/ryr/c, turning uni- 
formly on its axis, and carrying the sun in its cirenm- 
ference, Avhile the centie of this epicycle moves 
uniformly in a circle of wliich the f‘arth is tlui centre. 
This identity of th(^ results of the hypotlu^sis of the 
eccentric and the ejiicych* is proved by Ptolemy in 
the third liook of the 'Almagest.” 

TkeStnt Eo'entric. — When 1 1 ij>[)archus had clearly 
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coneoivod tlioso liypotheses, as possible ways of ac- 
counting for tlio sun’s motion, tlio task wliicli he 
liad to perform, in order to sliow that they deserved 
to be ado[)ted, was to assij^n a place to the a 

Tuagnitude to the eccoifrieifj/, and an epoch at which 
tlie sun was at the ])erigee; and to show tliat, in this 
vay, he liad ])r()duced a true re])resentation of the 
motions of the sun. This, accordingly, he did ; and 
having thus determined, with considerabh* exactness, 
both the hi^y of the solar irregularities, and the num- 
bers on Avhich their amount de])ends, he was able to 
assign the motions and ])laces of the sun for any 
moment of future time with corresponding exact- 
ness ; he Avas abhs in short, to construct So/ffr Tobies^ 
by nuains of Avhich the sun’s place Avith respect to 
tlie stars could be correctly found at any time. 
These tables (as they are given l)y Ptohmiy',) give 
the onoinalii^ or ineipiality of the sun’s motion ; and 
this they ('xhibit by means of prosthnphercsis^ the 
(piantity Avhich, at any distance of the sun from the 
apogee, it is re(|uisite to ad<l to or subtract from the 
arc, Avhich he Avould liaA^e described if his motion 
had been equable. 

The reader might perha]is exjK'ct that the calcu- 
lations Avhich thus exhibited the motions of the sun 
for an indefinite future' period must depend upon a 
considerable number of observations made at all 
seasons of the year. That, hoA\ever, Avas not the 


^ Syntax. 1. iii. 



172 * 


THE GREEK ASTRONOMY. 


case ; and the g’cnius of tlic discoverer a|)i)eared, as 
it usually does appear, in his ])erceiving* how small a 
number of facts, rightly considtT-ed, were sufficient 
to test the theory. The number of days contained 
in two seasons of the year sufficed for tliis })uri)Ose 
to Ili[)parclius. ‘vllaving ascertained,” says Ptolemy, 

that the time from the ATu-nal ecpiinox to the sum- 
mer tro])ic is 941 days, and the time from the sum- 
mer tro))ie to the autumnal ecpiinox 921. days, from 
these jdienomcTia alone lie demonstrates that tlie 
straight line joining- the centre of the sun’s eccentric 
jiatli with the centre of tlie zodiac (the sp(*ctator’s 
eye) is nearly the 24th part of tlie radius of the ec- 
centric [)ath ; and that its apogee ])r('cedes tlie sum- 
mer solstice ])y 211 degTees nearly, the zodiac* 
containing’ 3()9.” 

The exactness of the Solar I'aldes, or which 

Avas founded on these data, was manifested, not only 
by the coincidence of the sun’s calculated place 
with such oliservations as the (ireek astrononuM’s of 
this period were able to make, (which W(*rc‘ ind('(‘d 
very rude,) but by its enabling* th(‘m to calculate 
solar and lunar eclipses; phenomena which are a 
very precise and severe trial of tin* accuracy of such 
tables, inasmuch as a very minute* change in tlu* 
apparent jdace of the sun or mooii Avould completely 
alter tlie obvious features of the eclijise. Though 
the tables of this jieriod were liy no means ))erfe(*t, 
they l)ore with toh'rable credit this trying* and 
jierjietually rf*curriiig test ; and tlius proved the 
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soiiiKlnoss of the theory on which the tables were 
calculated. 

The MoorCs Eccentric , — The moon’s motions have 
many irj’cgularities ; l)iit when the hypothesis of an 
eccentric or an epicycle had sufficed in the case of 
the sun, it was natural to try to explain, iii the same 
way, the motions of the moon ; and it was shown 
by IIipi)archus that such hypotheses would account 
for tile more ol)vious anomalies. Tt is not very easy 
to describe the several ways in wliich these hypo- 
theses were applied, for it is, in truth, very difficult to 
explain in words even tlui mere facts of the moon’s 
motion. If she were to leave a visible bright line 
behind lun* in the heavens, wherever she moved, 
the path thus exhibited would be of an extremely 
com])lex nature; the circle of each revolution slip- 
ping away from the preceding, and the traces of 
suc(*essive revolutions forming a sort of band of net- 
work running round the middle of the sky*. In 
each revolution, the motion in longitude is affected 
l)y an anomaly of tlu' same nature as the sun’s 
anomaly already spoken of; but besides this, the 
])ath of the moon deviates from the ecli])tic to the 
' north and to the south of the ecliptic, and thus she 
has a motion in latitude. This motion in latitude is 
sufficiently known if Ave kncAV the ])eriod of its 
restoration, that is, the time Avhich the moon occu- 

“ The rojidcr ’will find an attempt to make the nature of this 
path generally intelligible in the Companion to the British 
Almanack for Ukl-J. 
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pies ill moving from any latitude till slie is restored 
to the same latitude; as, for instance, from the 
ecliptic on one side of the heavens to the ecliptic on 
tlie same side of the heavens again. But it is found 
tliat the period of the restoration of the latitude is 
not the same as the period of tlie restoration of the 
longitude, that is, as the period of the moon’s revo- 
lution among the stars ; and thus the moon describes 
a different path among the stars in every successive 
revolution, and her path, as well as her velocity, is 
constantly variable. 

IIip})archus, however, reduced the motions of the 
moon to rule and to Tallies, as he did those of the 
sun, and in the same manner. He determined, with 
much greater accuracy tlian any preceding astrono- 
mer, the ?neaH or supposed eipialile motions of the 
moon in longitude and in latitude; and he then 
represented the anomaly of the motion in longitude 
by means of an eccentric, in the same manner as he 
had (lone for the sun. 

But here there occurred still an additional change^ 
besides those of which we bave.sjxiken. '^fhe ajiogec 
of the sun was always in the same jilace in the 
heavens ; or at least so nearly so, that Ptolemy could 
detect no error in the place assigncMl to it by Ifip- 
jiarchus 250 years before. But the apogee of the 
moon was found to have a motion among the stars. 
It had been observed before the time of Hipparchus, 
that in 6585 days, tliere arc' 241 revolutions of the 
moon with regard to the stars, but only 239 revolu- 
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tions with regard to the anomaly. This difTereiice 
could l)e suitably represented by supposing the 
eccentric, in which the moon moves, to have itselt 
an angular motion, perpetually carrying its apogee 
in the same direction in which the moon travels ; 
but this supposition being made, it was necessary to 
determine, not only the eccentricity of the orbit, and 
place of the apogee at a certain time, but also the 
rate of motion of the apogee itself, in order to form 
tables of the moon. 

This task, as ne have said, Hipparchus executed; 
and ill this instance, as in the problem of the reduc- 
tion of the sun’s motion to tables, the data which he 
found it jK'cessary to einiiloy were very few. He 
deduced all his conclusions from six ecli|)ses of the 
moon". Three of these, the records of wliich were 
brought from Babylon, where a register of such oc- 
currences was kept, ha])])ened in the 3G6th and 
3(j7th years from the era of Nabonassar, and enabled 
Hipparchus to determine the eccentricity and apogee 
of the moon’s orbit at that time. The three others 
were observed at Alexandria, in the r)47th year of 
Nabonassar, which gave him another position of the 
orbit at an interval of 180 years; and he thus bo- 
^ came acquainted with the motion of the orbit itself 
as well as its forint 

The moon’s motions are really affected by several 

® Ptol. Sya. iv. 10. 

Ptolemy uses tlic hypothesis of an epicycle for the moons 
first inequality; hut llqjparchiis cm 2 )loys the eccentric. 
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otlior iiieciualitios, of very e()nsi(lenil)l(^ amount, 
besides those wliieli were thus considered by Hip- 
parchus; but the lunar paths, constructed on the 
above data, i)ossessed a considerable deforce of cor- 
rectness, and es|)ecially when applied, as they were 
])rincipally, to the calculation of eclipses; for the 
o-reatest of the additional irregularities Avliich we 
have mentione<l disa])]>ear at new and full moon. 

The numerical explanation of tlie motions of the 
sun and moon, bv nnnns of tlic hv])othesis of eccen- 
trics, and the consequent construction of tables, was 
one of the achievements of Hipparchus. The 

j>;eneral ex])lanation of the motions of the planets, 
by means of the hyjxdhesis of epicycles, was in 
circulation ])reviousIy, as we have seen. Tlie mo- 
tions of the ])lanets, in their epicycles, are, in reality, 
affected by anomalies of the same kind as those 
wJiich render it necessary to introduce eccentrics in 
the cases of the sun and moon. 

JIip])archus determined, with ^reat exactness, the 
mean motions of the plaiu^ts ; but h(‘ was not able, 
from Avant of data, to exi)lain tln^ planetary irref>ii- 
larities by means of eccentrics. The whole mass of 
e^ood observations of the planets which he received 
from ))recodini*’ a«es, did not contain so many, says 
Ptolemy, as tho.s(‘ which he has transmitted to us of 
his own. ‘‘Hence’ it was,” he adds, “that Avhile he 
laboured, in the most assiduous manner, to represent 


Syiit. ix. 2. 
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the motions of the sun and moon by means of 
equable circular motions; with respect to the 
planets, so far as his works sliow, he did not even 
make the attempt, but merely })ut the extant obser- 
vations in order, added to them himself more than 
the whole of what he received from preceding ages, 
and showed the insufficiency of the hypothesis 
current among astronomers to explain the pheno- 
mena.” It appears, that preceding mathematicians 
had already pretended to construct “ a per2)etual 
canon,” that is, tables Avhich should give the })laccs 
of the planets at any future time ; l)ut these, being 
constructed without regard to the eccentricity of the 
orbits, must liave l)een very erroneous. 

Ptolemy declares, with great reason, that Hip2)ar- 
chus shojved his usual love of truth, and his right 
sense of the responsibility of his task, in leaving this 
})art of it to future ages. The theories of the sun 
and moon, which Ave liaAc already described, consti- 
tute him a great astronomical discoverer, and justify 
the reputation he has always i)ossessed. There is, 
indeed, no })hilosopher who is so uniformly spoken 
of in terms of admiration. Ptolemy, to whom Ave ow e 
our indncipal knowledge of him, i)erpetually couples 
nvith his name epithets of jnaise : he is not only an 
excellent and careful obserAer, but “ a” most truth- 
loving and labour-loving person,” one Avho had shoAvn 
extraordinary sagacity ami remarkable desire of truth 

® Synt. ix. 2. 
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in every part of science.” Pliny, after mentioning 
him end Thales, breaks out into one of his passages 
of declamatory vehemence ; “ Great men ! elevated 
above the common standard of l\uman nature, by 
discovering the laws Avhich celestial occurrences 
obey, and by freeing the wretched mind of man 
from the feai's which eclipses inspired. — Hail to you 
and to your genius, interpreters of heaven, worthy 
recipients of the laws of the universe, authors of 
principles which connect gods and men !” Modern 
Avriters have sjioken of Hipjmrchus with the same 
admiration ; and even the exact but severe historian 
of astronomy, Delambre, Avho bestows his praise so 
sparingly, and his sarcasm so generally; — who says' 
that it is unfortunate for the memory of Aristarchus 
that his V ork has come to us entire, and who cannot 
refer" to the statement of an eclipse rightly predicted 
by Ilalicon of Cyzicus without adding, that if the story 
lie true, Ilalicon was more lucky than })rudent — 
loses all his bitt.erness Avdien he comes to Hipparchus". 
“In Hipparchus,” says he, “-we find one of the most 
extraordinary men of antiquity ; the very ^^eatest, in 
the sciences which require a combination of observa- 
tion with geometry.” Delambre adds, ajqiarently 
in the wish to reconcile tins eulogium with the de- 
preciating manner iii winch he habitually speaks of 
all astronomers Avhose observations are inexact, “ a 
long period and the continued efforts of many indus- 

'i, 7.>. “1.17. "-j. 180. . ' 



INDUCTIVE EPOCH OF HIPPARCHUS. 179 

trious men are requisite to produce good instru- 
ments, but energy and assiduity depend on the man 
himself.” 

Hipparchus Wi^is the author of other great dis- 
coveries and improvements in astronomy, besides 
the establishment of the doctrine of eccentrics and 
epicycles ; but this, being the greatest advance in 
the theory of the celestial motions which was made 
by the ancients, must be the leading subject of our 
attention in the present work ; our object being to 
discover in what tlie progress of real theoretical 
knowledge consists, and under vhat circumstances 
it has gone on. 

aSV('/. 2 . — Estimate of the Value of the Theory of 
Eccentrics and Epicycles, 

Tt may be useful here to explain the value of the 
theoretical stej) which Hipparchus thus made; and 
the more so, as there are, perhaps, opinions in 
popular circidation, which might lead men to think 
lightly of the merit of introducing or establishing 
the doctrine of epicycles. For, in the first place, 
this doctrine is now acknowledged to be false; and 
s^ome of the greatest men in the more modern his- 
tory of .astronomy owe the brightest j>art of their 
fume to their having been instrumental in over- 
turning this hypothesis. And, moreover. An the 
next ])lace, the theory is hot only false, but . ex- 
tremely perplexed and entangled, so that it is usually 

N 2 
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conceived as a mass of arbitrary and absurd comj^li- 
cation. Most persons are familiar with passages in 
which it is thus spoken of'®. 

He his fabric of the' heavens 

Hath left to their disputes, perhaps to move 
His laughter at their quaint opinions wide ; 

Ilere.aftor when they come to model heaven 
And ealeulate the stars, how will they wield 
The mighty frame! how build, unbuild, contrive. 

To save appearances! how gird the sphere 
AVith centric and eccentric scribbled o’er, 

Cycle in ejiicyclc, orb in orb! 

And every one will recollect the celebrated saying 
of Alphonso X., king of Castile", when this com- 
plex system was explained to him; that “if God 
had consulted him at the creation, the universe 
should have been on a Itctter and simjder plan.” 
In addition to this, the system is rejiresented as 
involving an extravagant conception of the nature 
of the orbs which it introduces ; — that they are crys- 
talline spheres, and that the vast spaces which inter- 
vene between the celestial luminaries are a solid mass, 
formed by the fitting together of many masses per- 
petually in motion; an imagination which is pre- 
sumed to be incredible and monstrous. 

We must endeavour to correct or remove these 
prejudices, not only in order that we may do justice 
to the Ilipparchiaii, or, as it is usually called, Ptole- 
maic system of astronomy, and to its founder; but 


'® r. L. viii. 
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for another reason, much more important to the pur- 
pose of this work ; namely, that we may see how 
theories may be highly estimable, though they 
contain false representations of the real state of 
things, and may be extremely useful, though they 
involve unnecessary complexity. In the advance of 
knowledge, the value of tlu^ true j)art of a theory 
may much outvxngh the acconi])auying error, and 
the use of a rule may bo little imj)aired by its want of 
sim2)licity. The first steps of our progress do not 
lose their importance because they are not the last ; 
and the outset of the journey may require no less 
vigour and activity than its close. 

Tliat which is true in the Ilipparchian theory, and 
which no succeeding discovei-ies have de])rived of its 
value, is the rcxolnfiou of the apparent mfttions of 
the heavenly bodies into an assemblage of circular 
motions. The test of the truth and reality of this 
resolution is, that it leads to the construction of 
theoretical tables of the motions of the luminaries, 
by which their places are given at any time, agreeing 
nearly with their places as actually observed. The 
assumption that these circular motions, thus inti’o- 
^duced, are all exiictly uniform, is the fundamental 
principle of the whole process. This assum])tion is, 
it may be said, false ; and we have seen how fiintjistic 
some of the arguments were, which were originally 
ui’ged in its favour. But some assumption is neces- 
sary, in oi’der that the motions, at different points 
of a revolution may be somewhat connected, that is. 
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in order that we may have any theory of the motions ; 
and no assumption more simple tlian the one now 
mentioned can bo selected. The merit of the theory is 
this ; — tliat obtaining the amount of the eccentricity, 
the jdacc of the apogee, and, it may be, other elements, 
from a few observations, it deduces from these, 
results agreeing with all observations, however nume- 
rous and distant. To express an inequality by means 
of an epicycle, imjdies not only that there is an in- 
equality, but further: — that the inecinnlity is at its 
greatest value at a certain known ])lace; — diminishes 
in proc(H*ding fronj that plac(‘ by a known law; — 
continiK's its diminntion for a kiiowT) portion of 
the revolnti( n <d’ tlu' luminary: — them incrc'asc's 
again; and so on: that is, the introduction of the 
epicycle ivpnx'iits the ine<jnality of* motion, as coni- 
])letely as it can be r(‘present(Ml with n^spect to its 
qaanfify. 

We may furtli(*r illustrate this, by nmiarking that 
such a resolution of tlie unequal motions of th(^ hea- 
venly bodies into e(|uable circular motions, is, in fact, 
equivalent to the most recent and imj)roved ])rocesses 
by which modern astronomers deal with such motions. 
Their universal method is to resolve all une([ual 
motions into a series of iervis^ or expressions of par- 
tial motions; and these terms involve sines and 
cosines^ that is, certain technical modes of measuring 
circular motion, the circular motion having some 
constant relation U> the time. And thus the pro- 
blem of the resolution of the celestial motions into 
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equable circular ones, which was propounded above 
two thousand years ago in the school of Plato, is 
still the gi’eat object of the study of modern astro- 
nomers, whether obsei-vei’s or calculators. 

That Hipparchus should have succeeded in the 
first great steps of this resolution for the sun and 
moon, and should have seen its applicaliility in other 
cases, is a circumstance which gives him one of the 
most distinguished places in the roll of great astro- 
nomers. As to the charges or the sneers against 
the complexity of his system, to which wo have 
referred, it is i^asy to see that they are of no force. 
Asa system oi‘ his is not only good, but, 

as we have just said, in many cases no better has 
yet lieen discovered. If, when the actual motions 
of the heavens are calculated in the best possible 
way, the process is coni|)lex and difficult, and if we 
are discontented at this, nature, and not the astrono- 
mer, must be the object of our disjdeasure. This 
pk‘a of the astronomers must be allowed to be 
reasonable. “ Wo must not be repelled,” says 
Ptolemy”', "by the complexity of the hypotheses, 
but explain the phenomena us well as we can. If 
the hypotheses satisfy each a})parent inequality 
se})arately, the combination of them Avill rein-esent 
the truth ; and why should it appear wonderful to 
any that such a complexity should exist in the' 
heavens, wdien we know' nothing of their mature 
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which entitles us to suppose that any inconsistency 
will result ?” 

But it may bo said, we now know that the mo- 
tions are more siiu{)le than they were thus repre- 
sented, and that the theory of e])icyclos was false, 
as a couce])tion of the real construction of the 
heavens. And to this we may reply, that it does 
not ap])ear that the best astronomers of antiquity 
conceived the cycles and epicycles to have a material 
existence. Though the dooniatic philoso])hers, as 
Aristotle, aj)pear to liave taught that the celestial 
sjdieres were real solid bodies, they are spoken of by 
Ptolemy as imaginary’’; and it is clear, from his 
proof of the identity of the results of the liypothesis 
of an ec(ientric and an e])icycle, that they tire in- 
tended to pass for no more than g*eometrical comaq)- 
tioiis, in Mliicli view they are true representations 
of riie a])])arent motions. 

It is true, tluit the real motions of the heavenly 
bodies are simpler than the apparent motions ; and 
that we, who are in the habit of rr*presenting to our 
minds their r(»al arningement, become impatient of 
the seeming confusion and disorder of the ancient 
hyj)otheses. But this real arrangc inent never could 
have been detected by philosophers, if the apparent 
motions had not been strictly examined and success- 
fully analyzed. How far the connexion l)etwGcn the 
facts and the true tJieory is from being obvious or 
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easily traced, any one inay satisfy himself by en- 
deavouri]ig’, from a general conception of the moon’s 
real motions, to discover the rules which regulate 
tlic occurrences of eclipses ; or even to explain to a 
learner, of what nature the apparent motions of tlie 
moon among the stars will be. 

The iin(]uostional)lo evidence of the merit and 
value of the tlieory of epicycles is to be found in 
this circumstance ; — that it served to embody all the 
most exact knowledge then extant, to direct astro- 
nomers to the pro])er methods of making it more 
exact and coin|)lete, to ])oint out new objects of 
attention and research ; and that, after doing this at 
first, it was also able to take in, and preserve, all the 
new results of tlie active and persevering labours of 
a hiUg series of Creek, Latin, Arabian, and modern 
European astronomers, till a new’ theory arose which 
could discharge this office. It may, perha|)S, sui'prise 
some Headers to be told, that the author of this next 
f/nrri ste[) in astronomical theory, Coi)ernicus, adopted 
tlie tlieory of ejiicycles ; that is, lie employed that 
wliicli we have spoken of as its really valuable charac- 
teristic. “Wo'Miiust confess,” he says, ‘‘that the 
celestial motions are circular, or compounded of 
several circles, since their inequalities observe a 
fixed law and recur in value at certain intervals, which 
could not be, excejit they were circular; for a circle 
abnie can make that which has been, recur again,” 


Copernicus. De Rev. 1. i. c. 4. 
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In this sense, therefore, the Hipparchian theory 
was a real and indestructible truth, which was not 
rejected, and replaced by different truths, but adopted 
and incorporated into every siicceedinf^ astronomical 
theory ; and v Inch can never cease to be one of the 
most important and fundamental ^xirts of our astro- 
nomical knowledge. 

A moment’s reflection wilt show tliat, in the 
events just spoken of* tlie introduction and esta- 
l)lishment of the theory of epicycles, tliose characte- 
ristics were strictly excm])liHed, which wo have 
asserted to be the conditions of every real advance 
in progressive science; naniely, the application of 
distinct and ap])ro]>riate idc'as to a real scenes of 
facts. The distinctness of the geonudrical concej)- 
tions wliich enabled Hipparchus to assign the orbits 
of the sun and moon, r(‘(|uires no illustration ; and 
we hav(? just exjdained how these ideas combined 
into a connected whole the various motions and 
places of tliose luminaries. To make this st(‘[) in 
astronomy, reipiired fliligence and care (‘xerted in 
collecting observations, mathematical clearness and 
steadiness of view exercised in sccn'ng and showing 
that the theory was a successful analysis of the 
observations. 

Sect 3 . — Discorenj of ihe Preccs.sion of the 
EqainOtVes, 

The same (jualities which we trace in the researches 
of lli[;parclius already examined, — diligence in col- 
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lecting observations, and clearness of idea in repre- 
senting them, — appear also in other discoveries of his, 
which w^e must not pass unnoticed. The precession 
of the equinoxes, in particular, is one of the most 
important of those discoveries. 

The circumstance here brought into notice was a 
change of longitude of the fixed stars. The longi- 
tudes of the heavenly bodies being measured from the 
point wliere the sun’s annual ]>ath cuts tlio equator, 
will change if tliat path changes. Whether this hap- 
]>ens, however, is not very easy to decide ; for the sun’s 
path among the stars is made out, not by merely look- 
ing at tlie heavems, )mt by a series of inferences from 
otlu'r obs(U’vab!e facts. ni|)parchus us(‘ ! for this ])ur- 
pose ecli])ses of tlie moon ; for tlu^se, being exactly 
opposite to th(^ sun, attbrd data in marking out his 
path. By compariiig the eclijrses of his ow ji time w ith 
those observed at an (‘aiiicu* period l)v Timocharis, 
he found that the bright star, 8pica Virgiuis, was six 
degrees from the eciuinoctial point in his own time, 
and had been eight degrees distant from the same 
point at an earlier epoch. The sus|)icion was thus 
suggested, that the longitiuh^s of all the stars increase 
perpetually; but IIipj>archus had too truly })hiloso- 
])hical a spirit to take this for granted. He examined 
the places of Regulus, and those of other stars, 
as ho had done those of Hpica; and he found, in 
all these instances, a change of place which could 
be explained by a certain alteration of position in 
the circles to which the stars are referred, which 



188 


THE GREEK ASTRONOMY, 


alteration is described as the Precession of the 
Equinoxes. 

The distinctness with which IIipj)archus conceived 
this chano’c of relation in the heavens, is manifested 
by the (inestion which, as we arc told by Ptolemy, 
he examined and decided ; — that this motion of the 
heavens takes place about the poles of the ecliptic 
and not of the equator. The care M'ith which he 
collected tliis motion from the stars themselves, may 
be judged of from this, that having made his first 
observations for this ])nrpose on Spica ami Regnlus, 
zodiacal stars, his first sns})icion was that the stars of 
the zodiac alone changed their longitude. The idea 
of the nature of the motion, and the cwidenco of its 
existence, tlu? two conditions of a discovery, were 
also fully brought into view. The scale of the facts 
which Ilipjiarchus was thus al)le to reduce to law, 
may l)e in some measure jmiged of, by recollecting 
that the precession, from his time to ours, has only 
carried the stars through one sign of the zodiac ; 
and that, to complete one revolution of the sky by 
the motion thus dis(*overed, wouhl reejuire a period of 
25,000 years. Tims this disco\ery connected the 
various aspects of the heavens at the most remote 
periods of human history ; and, accordingly, the 
novel and ingenious vievvs which Newton published 
ill his chronology, are fuunded on this single astro- 
nomical fiict, of the ]>recession of the equinoxes. 

The two discoveries which have been described, 
the mode of constructing solar and lunar tables, and 
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the precession, were advances of the greatest im- 
portance in astronomy, not only in themselves, but 
in the new objects and undertakings which they 
suggested to astronomers. The one detected a con- 
stant law and order in the midst of perpetual change 
and apparent disorder ; the other disclosed mutation 
and movement ])erpetually operating where every- 
thing had been supposed fixed and stationary. Such 
discoveries were well adapted to call up many 
questionings in the minds of speculative men ; for, 
after this, nothing could be supposed constant till it 
had been ascertained to be so by close examina- 
tion ; and no apparent complexity or confusion could 
justify the philoso|>her in turning au’ay in despair 
from the task of simjilification. To answer the 
impiiries tliiis suggested, new methods of observing 
the facts were reiiuisite, more exact and uniform 
than those hitherto employed. Moreover the dis- 
coveries Avhich were made, and others which could 
not fail to follow in their train, led to many conse- 
quences, rwiuired to be reasoned upon, systematized, 
completed, enlarged. In short, the epoch of induction 
led, as we have stated that such epochs must always 
lead, to a period of devclopemcnt, of verification^ appli- 
■t cation, and etetension. 



190 


CHAPTER IV. 

Sequel to the Inductive Epoch of IIippaechus. 


Sect. 1 . — Researches which verified the Themy. 

The discovery of tlie leading lav s of the solar and 
lunar motions, and the detection of the precession, 
may be considered as the great ])ositive ste])s in the 
Hipparchian astronomy; — the ])arent discoveries, from 
which many minor improvements ]»roceeded. The 
task of pres(>rving the collateral and consecjnent re- 
searches which now offered themselves, — of l)ringing 
the other ])arts of astronomy uj) to the levtd of its 
most improved portions, — was ])rosecnted hy a suc- 
cession of zealous observers ami calculators, first, in 
the school of Alexandria, and afterwards in other 
parts of the world. We must jiotice the various 
labours of tliis series of astronomers ; but we shall 
do so very briefly ; for the ulterior developement of 
doctrines once establislie<l, is not so important an 
object of contemjilation for our present pur]>ose, as 
the first conception and jtroof of those fundamental 
truths on which systematic doctrines are founded. 
Yc!t periods of verification, as well as ej)ochs of 
induction, deserve to be attended to ; and they can 
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nowhere be studied with so much advantage as in 
the history of astronomy. 

In truth, however, Hipparchus did not leave to 
his successors the task of pursuing into detail those 
views of the heavens to which his discoveries led 
him. He examined with scrupulous care almost 
every part of the subject. We must briefly mention 
some of the principal points which were thus settled 
by him. 

Tlie verification of the laws of the changes wdiich 
he assigned to the skies, inij)lied that the condition 
of the heavens was constant, except so far as it was 
aflected by those changes. Thus, the doctrine that 
the clianges of jiositioii of the stai-s w'ero rightly 
represented by the ])recession of the e(iuinoxes, 
supposed that the stars were fixed with regard to 
each other; and the doctrine that tlio unequal 
number of days, in certain subdivisions of months 
and years, was ude(|uately explained by the theory 
of ei)icycles, assumed that years and days were 
always of constant lengtlis. lint Hippartdms was 
not content with assuming these bases of his theory, 
he endeavoured t<j prove them. 

1. Flvity of the Stam. The question necessarily 
arose after the discovery of the jweeession, even if 
such a question had never suggested itself before, 
whether the stars which were called fixed, and to 
which the motions of the other luminaries are re- 
ferred, do really retain constantly the same relative 
position. In order to determine this fundamental 
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question, Hipparchus undertook to construct a Map 
of the heavens ; for though the result of his survey 
M'as expressed in words, Ave may give tliis name to 
his Catalogue of the positions of the most conspi- 
cuous stars. These jiositions are described by means 
of nUneations ; that is, three or more such stars are 
selected as can be touched by an apparent straight 
line drawn in the heavens. Thus Hipparchus ob- 
served that the southern claw of Cancer, the bright 
star ill the same constellation which precedes the 
head of the Hydra, and the bright star Procyon, 
were nearly in the same line. Ptolemy quotes this 
and many other of the configurations Avhich Hip- 
parchus had noted, in order to show that the 
positions of the stars had not clianged in the 
intermediate time; a truth Avhich the catalogue of 
Hipparchus thus gave astronomers the means of 
ascertaining. It contained 1080 stars. 

The construction of this catalogue of the stars by 
Hipparchus is an event of great celebrity in the 
history of astronomy. Pliny', who speaks of it Avith 
admiration as a vvonderful ami superhuman task 
(“ausus rem etiani Deo improbam, anniimerSre ])os- 
teris Stellas”) asserts the undertaking to have been 
suggested by a remark.iblc astronomical event, the 
appearance of a noAv star ; “ iiovam stellam et aliam 
in oevo suo genitam deprehendit ; ejusque motu, qua 
die fulsit, ad dubitationem est adductus anne hoc 


lib. ii. (xxvi.) 
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sacpius ficret, moverenturque et ggg quas piitamus 
affixas.” There is nothing inherently improbable in 
this tradition, but we may observe, with Delambres 
that we are not informed whether this new star 
remained in the sky or soon disappeared again. 
Ptolemy makes no mention of the star or the story ; 
and his catalogue contains no hrifjht star which is 
not found in the “ Catasterisms” of Eratosthenes. 
These Catasterisms were an enumeration of 475 of 
tlie principal stars, according to the constellations in 
which they are ; and were published about sixty 
years before IIi]iparehus. ' 

2. Constant Length of Years . — Hipparchus also 
attempted to ascertain whether successive years are 
all of the same length; and though, with his scru- 
l)ulous love of accuracy®, he docs not appear to have 
thought himself justified in asserting that the years 
were always exactly e(pial, he showed, both by ob- 
servations of the time when the sun passed the 
equinoxes, and by eclipses, that the difference of 
successive years, if there were any difference, must 
be extremely slight. The observations of succeeding 
astronomers, and es])eelally of Ptolemy, confirmed 
this opinion, and proved, with certainty, that there 
is no progressive increase or diminution in the dura- 
tion of the year. 

3. Constant Length of Days. Equation of Time . — 
The equality of days was more difficult to ascertain 
than that of years ; for the year is measured, as on 

* A. A. i. 290. ® Ptoleiu. Syiit. iii. 2. 

VOL. I. O 
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SI natural scale, by the number of days which it 
contains ; but the day can be subdivided into hours 
only by artificial means; and the mechanical skill 
of the ancients did not enable them to attain any 
considerable accuracy in the measure of such por- 
tions of time ; though clepsydras and similar instru- 
ments Avere used by astronomers. The equality of 
days could only be proved, therefore, by the conse- 
quences of such a supposition ; and in this manner 
it appears to have been assumed, as the fact really 
is, that the apparent revolution of the stars is accu- 
rately uniform, never becoming cither (piicker or 
slower. It followed as a consequence of this, that 
the solar days (or rather the mjethemers, com})ounded 
of a night and a day,) Avould be unequal, in conse- 
quence of the sun’s une<(ual motion, thus giA'ing rise 
to Avhat Ave noAv call the equation of time ; — the in- 
terval by Avhich the time, as marked on a dial, is 
before or after the time, as indicated by the accurate 
time-pieces Avhieh modern skill can produce. This 
inequality Avas fully taken account of by the ancient 
astronomers, Avhich Avas in fact assuming the equa- 
lity of the sidereal days. 

Sect. 2 . — Researches v hieh did not verify the Theory. 

Home of the researches of Hi])parchus and his fol- 
JoAvers fell upon the Aveak parts of his theory; and 
if the observations had been sufficiently exact, must 
have led to its being coiTected or rejected. 

Among these Ave may notice the researches which 
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were made concerning the Parallan' of the heavenly 
bodies, that is, their apparent displacement by the 
alteration of position of the observer from one part of 
the earth’s surface to the other. This subject is 
treated of at length by Ptolemy ; and there can be 
no doubt that it was well examined by Hipparchus, 
who invented a parallactic instrument for that pur- 
pose. The idea of parallax, as a geometrical pos- 
sibility, was indeed too obvious to be overlooked at 
any time ; and in the period of establishment of the 
doctrine of the sjdiere, it must have aj^peared 
strange, that every place on the earth’s surface might 
alike be considered as the centre of the celestial 
motions. But if this was true with respect to the 
motions of the fixed stars, was it also true with 
regard to those of the sun and moon? The displace- 
ment of the sun by parallax is so small that the best 
observers among the ancients could never be sure 
of its existence : but with respect to the moon, the 
case is different. She may be displaced by this 
cause to the amount of twice her own breadth, a 
quantity easily noticed by the rudest process of in- 
strumental observation. The law of the displace- 
ment thus produced is easily obtained by theory, the 
globular form of the earth being supposed known ; 
but the amount of the displacement depends upon 
the distance of the moon from the earth, and requires 
at least one good observation to determine it. Pto- 
lemy has given a table of the efiects of parallax, 
calculated according to the apparent altitude of the 
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moon, assuming’ certain stipposctl distances; these 
distances, however, do not follow the real law of the 
moon’s distances, in consequence of their being 
founded upon the hypothesis of the eccentric and 
epicycle. 

In fact this hypothesis, though a very close repre- 
sentation of the truth, so far as the positiom of the 
luminaries are concerned, fails altogether when we 
apply it to their distances. The radius of tlie e])i- 
cycle, or the eccentricity of the eccentric, are deter- 
mined so as to satisfy the observations of the 
apparent motions of tlie bodies : l)ut, inasmuch as 
the hypothetical motions are diflerent altogether 
from the real motions, the hy2)othesis does not, at 
the same time, satisfy the observations of the dis- 
tances of the bodies, if we are able to make any such 
observations. 

Parallax is one method by which the distances of 
the moon, at different times, may be compared ; her 
apparent diameters afford another method. Neither 
of these modes, however, is easily ca})able of such 
accuracy as to overturn at once the liypothesis of 
epicycles ; and, accordingly, the hypothesis continued 
to be entertained in spite of such measures; the 
measures being in some degree falsified in conse- 
quence of the reigning 02)inion. In fact, however, 
the imperfection of the methods of measuring j)a- 
rallax and magnitude, which w’ere in use at this 
]»eriod, was such, that the results could not lead to 
any degree of conviction deserving to be set in op- 
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position to a theory M'hich was so satisfactory with 
regard to the more certain observations. 

The eccentricity, or tlie radius of the epicycle, 
which M’oidd satisfy the inequality of the motions of 
the moon, would, in fact, double the inequality of 
the distances. The eccentricity of the moon’s orbit 
is determined by Ptolemy as ^ of the radius of the 
orbit ; but its real amount is only half as great ; this 
difference is a necessary consequence of the sup- 
position of uniform circular motions, on which the 
epicyclic hy])Othosis proceeds. 

We see, therefore, that this ])art of the Hippar- 
chian theory carries in itself the germ of its own 
destruction. As soon as the art of celestial measure- 
ment was so far perfected, that astronomers could 
be sure of the apjtarent diameter of the moon within 
,4 the whole, the inconsistency of the theory 

witli itself would become manifest. We shall see, 
hereafter, the way in Avhich this inconsistency 
oj)erated ; in reality, a very long period elapsed before 
the methods of observing were sufficiently good to 
bring it clearly into view. 

Sect. 3 . — ]\[cthods of Observation of the Greek 
Astronomers. 

We must now say a word concerning the methods 
above spoken of. Since one of the most important 
tasks of a period of verification, is to ascertain with 
accuracy the magnitude of the quantities which enter, 
as elements, into the theory which signalizes the 
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period ; the improvement of instruments, and me- 
thods of observino* and ex2)erimenting, are principal 
features in such periods. We shall, therefore, men- 
tion some of the facts which bear upon this point. 

The estimation of distances among the stars by 
the eye, is an extremely inexact process. In some 
of the ancient observations, however, this ap])ears to 
be the method employed : and stars are described as 
being a cubit or hco cubits from other stars. We 
may form some notion of the scale of this kind of 
measurement, from Avliat Cleomedes remarks ^ tliat 
the sun appears to be about a foot broad ; an o|>inioii 
which he confutes at length. 

A method of determining the ])ositions of the 
stars, susceptible of a little more exactness tliat the 
former, is tlie use of alineations, already noticed in 
speaking of Ilipjiarchus’s catalogue. Thus, a straight 
lino passing through Uvo stars of tlie Great liear 
passes also through the ])ole-star: tliis is, indeed, 
even now a method usually employed to enable us 
readily to fix on the pole-star; and the two stars, 
/3 and a of Ursa INIajor, are hence often called “the 
pointers.” 

But nothing like accurate measurements of any 
portions of the sky were obtained, till astronomers 
adojited the method of making visual coincidences 
of tlie objects with the instruments, either by means 
of shadows or of sirfhts. 

Probably the oldest and most obvious nieasure- 


Del. 2\. A. i. 222. 
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ments of the positions of the heavenly bodies Avere 
tliose in which the elevation of the sun was determined 
by comjmriiif^ the Icnj^th of the shadow of an u])- 
right staff or fjnomon^ Avith the length of the staff 
itself. “It appears", from a memoir of Gautil, first 
printed in the Connaissance des Temps for 1809, that, 
at the lower toAvn of Loyang, noAv called llon-an- 
fou, Tchon-kong found the length of the shadow of 
the gnomon, at the summer solstice, equal to one 
foot and a half, the gnomon itself being eight feet 
in length.” This Avas about 1100 n. c. The Greeks, 
at an early ])eriod, used the same method. Stral)o 
says® that “Byzantium and iMarseilles are on the 
same ])arallel of latitude, becaus(j the shadoAvs at 
tliose places have the same jiroportion to the gnomon, 
according to the statement of llippandius, avIio fol- 
lows Pvtheas.” 

But the relations of position Avhich astronomy 
considers, are, for the most part, angular distances ; 
and these are most simjdy expressed by the inter- 
ce])ted ])()rtiou of a circumference descrilied about 
the angular point. The use of the gnomon might 
lead to the determination of the angle liv the gra- 
jdiical methods of geometry; Init the numerical 
exprc'ssion of the circumference retpiirc'd some pro- 
gress in trigonometry ; for instance, a tal)le of the 
tangents of angles. 

Instruments Avere soon iiiAented for measuring 
angles, by means of circles, Avhich had a border, or limlh 

" Lib. U. K. Hist. Ast. p. 5. ® Bi'l. A. A. i. 257. 
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divided into equal parts. The whole circumference 
was divided into 360 derpres: perhaps because the 
circles, first so divided, were those which represented 
the sun’s annual path ; one such degree would be 
the sun’s daily advance, more nearly than. any other 
convenient aliquot part Avhich could be taken. The 
position of the sun was determined by means of the 
shadoM’ of one part of the instrument upon the other. 
The most ancient instrument of this kind appears to 
be the Hemhsjyhcre of licrosus. A hollow hemisphere 
Avas placed with its rim horizontal, and a style was 
erected in such a manner that the extremity of the 
style was exactly at the centre of the s])liere. The 
shadow of this extremity, on the concave surface, 
had the same position with regard to the lowest 
l)oint of the sphere which the sun had with regard 
to the highest ])oiiit of the heavens. lJut this instru- 
ment Mas in fact used rather for dividing the day 
into portions of time than for determining i)osition. 

Eratosthenes' observed the amount of the obli- 
quity of the sun’s ])ath to the e(|uator ; avc* arc not 
informed what instrunu'uts he us(m 1 for this jmrpose: 
but he is said to have obtained, Iroin the munificence 
of Ptolemy Euergetes, tAvo Aiinils^ or instruments 
composed of circles, Avhich Avere ])laced in the ])ortico 
at Alexandria, and long used for observations. If a 
circular rim Avere placed so as to coincide Avith the 
direction of the Cipuitor, the inner concave edge 
Avould be enlightened by the sun’s rays Avhich came 

^ I ‘(^lainbre, A. A. i. 86. 
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under the front edge, when the sun was south of the 
equator, and by the rays wliich came over the front 
edge, when the sun was north of tlie eciuator: the 
moment of the transition would be tlie time of the 
equinox. Such an instrument appears to be referred 
to by Hipparchus, as quoted by Ptolemy®. “ The 
circle of coj^per, which stands at Alexandria in what 
is called the Square Porch, appears to mark, as the 
day of the equinox, that on which the concave sur- 
fiice begins to be enlightened from the other side.” 
Such an instrument was called an cf/ninoctial armil. 

A solstitial armil is descril)ed by Ptolemy, con- 
sisting of two circular rims, one sliding round within 
the other, and the inner one furnished with two ])egs 
standing out from its surface, and diametrically op- 
posite Jto each other. These circles being fixed in 
the plane of the meridian, and the inner one 
turned, till, at noon, the shadow of the ])eg in front 
falls upon the ])eg behind, the position of the sun at 
noon would be determined by the degrees on the 
out('r circle. 

In calculation, the degree was conceived to be 
divided into 00 minutes, the minute into GO seconds, 
and so on. Hut in practice it Mas im])ossible to 
divide the limb of the instrument into ])arts so small. 
The armils of Alexandria Avere divided into no ])arts 
smaller than sixths of degrees, or divisions of 10 
minutes. 

The auifles, observed bv means of these divisions, 
” Ptol. tSyiit. iii. 2. 
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were expressed as a fraction of the circumference. 
Thus Eratosthenes stated the interval between the 
tropics to be ^ of the circumference ^ 

It was soon remarked that the whole circum- 
ference of the circle was not wanted for such obser- 
vations. Ptolemy^® says, that he found it more 
convenient to observe altitudes by means of a square 
flat piece of stone or wood, with a quadrant of a 
circle described on one of its flat faces, about a 
centre near one of tlie angles. A peg was placed at 
the centre, and one of the extreme radii of the 
quadrant being per])endicnlar to the horizon, the ele- 
vation of the sun above the horizon was determined 
by observing the ])oint of the lire of the quadrant 
on which the shadow of the ]>eg fell. 

As tlu' necessity of accuracy i]i the obse^*vations 
was more and more felt, various adjustments of sucli 
instruments were [)ractised. They were jdaced in 
the mc'ridian by means of a mrridia)i line, drawn by 
astronomical methods on the floor on which they 
stood. The ])laiie of the instrument was made 
vertical l)y means of a jdnmb-line: the bounding 
radius, from wliich angles were ineasured, was also 
adjusted l)y the plumh line'\ 


® Delamhre, A. A. i. 87- It is proba]>Ic that his ohsorvatioii 


47««j 

gave liim 47 j (logreos. The fraction 
which is very nearly -V: 


I4:t ^ ii 

loao ““ lotio aaAp 


Synt. i. 1. 

Tlic curvature of tlic plane of the circle, hy warping, was 
noticed. Ptol. iii. 2. ; . loo, observes tliat liis equatorial circle 
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In this manner, the places of the snn and of the 
moon could l)e observed by moans of the sliadows 
which they cast. In order to observe the stars the 
oliserver looked along the face of the circle of the 
armil, so as to sec its two edges apparently brought 
together, and the star apparently touching tlieni^\ 

It was afterwards found important to ascertain 
the position of the smi witli regard to the ecliptic : 
and, for this purpose, an instrument, called an Astro- 
labe^ was invented, of wliich we have a descri])tion 
in Ptolemy'*. Tins also consisted of circular rims, 
moveable within one another, or about poles ; and 
contained circles which were to l)e brought into the 
position of the ecli])tic, and of a ])laue passing through 
the sun and the poles of the ecliptic. The position 
of the moon with regard to the ecliptic, and its 
j)osition in longitude with regard to the sun or a 
star, were thus determined. 

The astrolabe continued long in use, but not so 
long as the quadrant described by Ptolemy; which, 
in a larger form, is the mural (juadraut^ and has been 
used up to the most recent times. 

It may be (*onsidered surprising that Hipparchus, 
after having observed, for some time, right ascensions 

was illuminated on the hollow side twice in tlic same day. (lie 
did not know that this might arise from refraction.) 

Delaml). A. A. i. Iba. 
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and declinations, quitted equatorial annils for the 
astrolabe, nhich innnediately refers the stars to the 
eclijitie. lie 2 )roba 1 )ly ditl this because, after tluj 
discovery of jirecession, he found the latitudes con- 
stant, and wanted to know the motion in longitude. 

To the above instruments, may be added the 
diopira and t\\Q parallactic instrumeat of Ilipparclms, 
and Ptolemy. In the latter, tlie distance of a star 
from the zenith wasol)served by lookino^ througli two 
sii>hts fixed in a rule, this beiii" annexed to another 
rule, which Avas kei»t in a vertical position by a 
jdumb-liue ; and the angle between the tAvo rules 
AA'as measured. 

The folhtAving exam]>le of an obserA'ation, taken 
from Ptolemy, may seem to shoAV the form in Avhich 
the results of the instruments, just described, Averc 
usually stated 

“In tlie 2nd year of Antoninus, the 9th day of 
Phannouthi, tlie sun being near setti)ig, the last 
division of '^raunis being on the meridian (that is, 
51 ecpiinoctial hours after no<»n), the moon Avas in 
3 degrees of J^isces, by her distance from the sun 
(Avhich Avas 92 <legrees, 8 minutes); and half an hour 
after, the sun being set, and the (piarter of Gemini on 
the meridian, llegulus ajipeared, by the other circle 
of the astrol.abe, oT 1 degrees nn)rc forAvards than the 
moon in longitude.” From these data the longitude 
of Regulus is calculated. 


Del. A. A. ii. 2‘lf!. 
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From what has been said respecting the observa- 
tions of the Alexandrian astronomers, it will have 
been seen that their instrumental observations could 
not be depended on for any close accuracy. This 
defect, after the general reception of the Ilipparchian 
theory, operated very unfavourably on the progress 
of the science. If they could have traced the moon’s 
place distinctly from day to day, they must soon 
have discovered all the inequalities wdiich were 
known to Tycho Brahe ; and if they could have 
measured her parallax or her diameter Avith any 
considerable accuracy, they must have ol)tained a 
confutation of the oi)icycloidal form of her orbit. 
By the badness of their observations, and the imper- 
fect agreement of these Avith calculation, they not only 
were ])rcvented making such stops, but Avere led to 
receive the theory Avith a servile assent and an 
indistinct apprehension, instead of that rational con- 
viction and intuitive clearness Avhich Avould have 
given a progressive impulse to their knoAvledge. ' 


Sect. 4 . — Period from Ilipparchm to Ptolemy. 

We have now to speak of the cultivators of astro- 
nomy from the time of IIqq)archus to that of 
Ptolemy, the next great name Avhich occurs in the 
history of this science ; though CAon he holds place 
only among those Avho AX'rified, developed, and, in 
some points, materially extended the theory of Hip- 
parchus. The astronomers Avho lived in the inter- 
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mediate time, indeed, did little, even in this way ; 
though it might have been supposed that their 
studies were carried on under considerable advan- 
tages, inasmuch as they all enjoyed the liberal 
patronage of the kings of Egypt The “divine 
school of Alexandria,” as it is called by Synesius, in 
the fourth century, appears to have produced few 
persons capable of carrying forv'ards, or even of veri- 
fpng, the labours of its great astronomical teacher. 
The mathematicians of the school wrote much, and 
apparently they observed sometimes ; but their obser- 
vations are of little value : and their books are expo- 
sitions of the theory and its geometrical consequences, 
without any attempt to com])aro it with observation. 
For instance, it does not appear that any one verified 
the remarkable discovery of the precession, till the 
time of Ptolemy, 250 years after ; nor docs the state- 
ment of this motion of the heavens appear in the 
treatises of the intermediate Avriters; nor does Ptolemy 
quote a single obserA^ation of any ])erson made in this 
long interval of time ; Avhile his references to those of 
Ilijiparchus are perpetual; and to those of Aristyllus 
and Timocharis, and of others, as Conon, A\ho pre- 
ceded IIi])parchus, are not unfrequent. 

This Alexandrian period, so inactive and barren 
in the history of science, Avas j)rosperous, civilized, 
and literary ; and many of the Avorks Avhich belong 
to it are come down to us, though those of IIipj)ar- 


’ Delanih. A. A. ii. 240. 
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elms are lost. We have the “ Uranologioii” of 
Geniimis’”, a systematic treatise on astronomy, ex- 
pounding correctly the Hipparchian theories and 
their consequences, and containing a good account 
of the use of the various cycles, which ended in the 
adoption of the Calippic })criod. We have likeMse 
“The Circular Theory of the Celestial Bodies” of 
Clcomedes'", of which the principal pai’t is a devclope- 
ment of the doctrine of the sjdiere, including the 
consequences of the globidar form of the earth. We 
have also another work on “ Spherics” by Theodosius 
of Bithynia’'", which contains some of the most impor- 
tant propositions of the subject, and has l)ecn used 
as a book of instruction even in modern times. 
Another writer on the same subject is ISIenelaus, 
who lived somewhat later, and whose three books 
on Sjdierics still remain. 

One of the most important kinds of deduction 
from a geometrical theory, such as that of the doctrine 
of the sphere, or that of epicycles, is the calculation 
of its numerical results in ])articular cases. AVith 
regard to the latter theory, this was done in the con- 
struction of solar and lunar tables, as we have already 
seen ; and this process required the formation of a 
, triffonometri/, or system of rules for Calculating the 
relations between the sides and angles of triangles. 
Such a science had been formed by Ilipparchiis, who 
appears to be the author of every great step in 


a. c. 7d. 
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ancient astronomy^'. , He wrote a work in twelve 
books, “ On the Construction of the Tables of Chords 
of Arcs such a table being the means by which the 
Greeks solved their triangles. The doctrine of the 
sjdiere required, in like manner, a spherical tripmo- 
mclry, in order to enable mathematicians to calculate 
its results ; and this bmnch of science also appears to 
have l>ecn formed by Hipparchus'*, who gives results 
that im])ly the jiossessiou of such a method. Hyp- 
sicles, who was a contemporary of Ptolem>% also 
made some attempts at the solution of such pro- 
blems : but it is extraordinary that the writers whom 
we have mentioned as coming after Hip])archus, 
Theodosius, Cleomedes, and JMenelaus, do not even 
mention the calculation of triangles**, either plane or 
spherical ; though the latter writer** is said to have 
writteji on “ the Table of Chords,” a work which is 
now lost. 

We shall see, hereafter, how prevalent a disposi- 
tion in literary ages is that which induces authors to 
become commentators. This tendency showed itself 
at an early period in the school of Alexandria. 
Aratus*', who lived 270 n. c. at the court of Anti- 
gonus, king of JMacedonia, described the celcjstial 
constellations in two poems, entitled “ Pha^nomena,” 
and “ Prognostics.” These poems were little more 
than a versification of the treatise of Eudoxus on the 
acronycal and heliacal risings and settings of the 

DeUimb. A. A. ii. 37. “ A. A. i. 117. 

*' A. A. i. 249. “ A. A. ii. 37. “ A. A. i. 74. 
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stars. The work Avas the subject of a comment by 
Hipparchus, who perhaps found this the easiest way of 
giving connexion and circulation to his knowledge. 
Three Latin translations of this poem gave the 
Romans the meai^ of becoming actpiainted with it : 
the first is by Cicero, of which we have numerous 
fragments extant” ; Germanicus Ccesar, one of the 
sons-in-law of Augustus, also translated the poem, 
and this translation remains, almost entire. Finally, 
•we have a complete translation by Avienus*^ The 
“ Astronomica” of Manilius, the “ Poeticon Astrono- 
micon” of Ilyginus, both belonging to the time of 
Augustus, ai-e, like the work of Aratus, poems which 
combine mythological ornament with elementary 
astronomical exposition ; but have no value in the 
histoi’y of science. W e may pass nearly the same 
judgment upon the explanations and declamations 
of Cicero, Seneca, and Pliny, for they do not api^rize 
ns of any additions to astronomical knowledge ; and 
they do not always indicate a very clear apprehen- 
sion of the doctrines which the writers adopt. 

Perhaps the most remarkable feature in the tw^o 
last-named writers, is the declamatory expression of 
their admiration for the discoverers of physical 
knowledge ; and in one of them, Seneca, the per- 
' suasion of a boundless progi’css in science to wdiich 

Two copies of this tr.u\sla.tion, illustrated hy drawings of 
diflerent ages, one set lloinaii, and the other Saxon, according 
to Mr. Ottley, are described iu the Arcliaologia, vol. lU. 

” Mont. i. 221. 
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man was destined. Though this belief was no more 
than a vague and arbitrary conjecture, it suggested 
other conjectures in detail, some of which, having 
been verified, have attracted much notice. For 
instance, in speaking of comets'”, Seneca says, 
“ The time will come when those things which are 
now hidden shall be brought to light by time and 
persevering diligence. Our posterity will wonder 
that we should bo ignorant of what is so obvious.”' 
The motions of the planets, ho adds, complex and 
seemingly confused, have been reduced to rule ; and 
some one will come hereafter, who 'will reveal to us 
the paths of comets. Such convictions and conjec- 
tures are not to be admired for their wisdom ; for 
Seneca was led rather by enthusiasm, than by any 
solid reasons, to entertain this ojiinion ; nor, again, 
are they to be considered as merely lucky guesses, 
implying no merit : they are remarkable as showing 
how the persuasion of the universality of laAv, and the 
belief of the ])robability of its discovery by man, 
gTow up in men’s minds, when speculative know- 
ledge becomes a prominent object of attention. 

An important practical application of astronomical 
knoM'ledge was made by .fulius Caesar, in his correc- 
tion of the calendar, which wo have already noticed : 
and this was strictly due to the Alexandrian school, 
for Sosigenes, an astronomer, came from Eg}7)t to 
Rome for the purpose. 


an 
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Sect. 5 . — Measures of the Earth. 

There were, as we have said, few attempts made, at 
the period of which we are speaking, to improve the 
accuracy of any of the determinations of the early 
Alexandrian astronomers. One question naturally 
excited much attention at all times, the magnitude 
of the earth, its figui-e being universally acknow- 
ledged to be a globe. The Chaldeans, at an earlier 
2 )eriod, had asserted that a man, walking without 
stopping, miglit go round the circuit of the earth in 
a year ; but this might bo a mere fancy, or a mere 
guess. The attempt of Eratosthenes to decide this 
(|uestion went ujion principles entirely correct. Syeno 
was situated on the tropic; for there, on the day 
of the solstice, at noon, objects cast no shadow ; and 
a well was enlightened to the bottom by the sun’s 
rays. At Alexandria, on the same day, the sun 
was, at noon, distant from the zenith by a fiftieth 
])art of the circumference. These two cities were 
)iorth and south from each other; and the distance 
had been detennined, by the royal overseers of the 
roads, to be 5000 stadia. This gave a circumference 
of 260,000 stadia to the earth, and a radius of about 
'40,000. Aristotle’'* says tliat tlio mathematicians 
make the circumference 400,000 stadia. IJijipar- 
chiis conceived that the measure of Eratosthenes 
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ought to he increased by about one tenth"'’. Posi- 
donius, the friend of Cicero, made another attempt 
of the same kind. At Rhodes, the star Canopus but 
just appeared above the horizon: at Alexandria, 
the same star rose to an altitude of ^th of tlio 
circumference ; the direct distance on the meridian 
was 5000 stadia, which gave 240,000 for the whole 
circuit. We cannot look upon these measures as 
very jjrecise ; the stadium employed is not certainly 
known ; and no jieculiar care appears to have been 
bestowed on the measure of the direct distance. 

When the Arabians, in the ninth century, came 
to be the principal cultivatoi*s of astronomy, they re- 
peated this observation in a manner more suited to 
its real importance and capacity of exactness. Under 
the Caliph Almamon'", the vast j)lain of Singiar, in 
Mesopotamia, was the scene of this undertaking. 
The Arabian astronomers there divided themselves 
into two bantls, one under the direction of Chalid 
ben Abdolmalic, and the other having at its head 
Alis ben Isa. These two parties proceeded, the one 
north, the other south, determining the distance by 
the actual apjilieation of tlieir measuring-rods to the 
ground, till each was found, by astronomical observa- 
tion, to be a degree from the place at which they 
started. It then a])peured that these tei’restrial 
degrees were resjiQctively 50 miles, and 56 miles and 
two thirds, the mile being 4000 cubits. In order 


*“ Plin. ii. (cviii.) 
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to remove all doubt concerning the scale of this 
measure, wo are informed tliat the cu/jit is that 
called the black cubit, which consists of 27 inches, 
each inch being the thickness of six grains of barley. 

jSeef- 6. — Ptolcmif^ Discovery of Erection. 

By referring, in this place, to the last-mentioned 
measure of the earth, we include the labours of the 
Arabian as well as the Alexandrian astronomers, in 
the period of mere detail, which forms the sequel to 
the great astronomical reA'olution of the Ilipparchian 
epoch. And this period of verification is rightly 
extended to those later times ; not merely because 
astronomers were then still em])loyed in determining 
the magnitude of the earth, and the amount of other 
elements of the theory ; for those are tlieir employ- 
ments to the jiresent day; but because no great 
intervening discovery marks a new epoch, and begins 
a new period ; — because no great revolution in the 
theory added to the objects of investigation, or 
presented them in a new point of view. This being 
the case, it will be more instructive for our purpose 
to censider the general character and broad intellec- 
tual features of this period, than to offer a useless 
' catalogue of obscure and worthless writers, and of 
opinions either borrowed or unsound. But before 
we do this, there is one writer whom we cannot 
leave undistinguished in the crowd ; since his name 
is more celebrated even than that of Hipparchus ; 
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his works contain ninoty-iiino Imudredths of what 
wc know of the Greek astronomy; and though he 
w'as not the author of a new theory, lie made some 
very remarkahle stops in tlie verification, correction, 
and extension of the theory Avhich he received. I 
sjieak of Ptolemy, whoso work, “ The INIathematical 
Construction” (of the heavens) contains a comjiletc 
exposition of the state of astronomy in his time, the 
I’eigns of Adrian and Antonine. This book is fami- 
liarly known to us by a term which contains the 
record of our having receivc<l our first knowledge of 
it from the Arabic writers. The “ Afr///.s/c tSyntaxis,” 
or great construction, gave rise, among them, to the 
title A/ iMcifiidi, or Abniiiicst, by v liich the work is 
commonly described. As a mathematical eximsi- 
tion of the theory of epicycles and eccentrics, of the 
observations and calculations which were emjiloyed 
in order to apply this theory to the sun, moon, and 
planets, and of the other ciilcnlations which are 
requisite, in order to deduce the conseijuences of 
this theory, the work is a splendid and lasting monu- 
ment of diligence, skill ami judgment. Indeed, all 
the other astronomical works of the ancients hardly 
aild anything whatever to the information we obtain 
from the Almagest ; and the knowledge which the 
student possesses of the ancient astronomy must 
depend mainly upon his acciuaintance with Ptolemy. 
Among other merits, Ptolemy has that of giving us 
a very cojiious account of the manner in which 
Hipparchus established the main points of his 
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theories; an account the more agrcoablo, in con- 
seqnenco of the admiration and enthusiasm with 
which this anthor everywhere speaks of the great 
master of the astronomical school. 

In onr present survey of the wn-itlngs of Ptolemy, 
wo are concerned less with his exposition of Avhat 
liad been done before him, than with his own ori- 
gin.al labours. In most of the branches of the 
subject, he gave additional exactness to w'hat Ilip- 
])archus had done ; but our main business, at pre- 
sent, is Avith those jiarts of the Ahnagest Avhich 
contain nenv steps in the a]iplication of the Hippar- 
chian hypotliesis; tlierc arc tAAo such cases, both 
A'cry remarkable, — that of the moon’s erection, and 
that of tlie planetary motions. 

The hiAv of the moon’s anomaly, that is, of the 
leading and obvious inef|uality of her motion, could 
bo represented, as aac have seen, either by an eccen- 
tric or an e]*icyclc ; and the amo\mt of this inequality 
had l)cen collected by obserA'ations of eclipses. But 
though the hy])othesis of an epicycle, for instance, 
would bring the moon to her ])roper jdace, so far as 
eclipses could shoAv it, that is, at ncAV and full moon, 
this hypothesis did not rightly rejiresent her motions 
at other points of her course. This appeared, AvJicn 
Ptolemy set about measuring her distances from the 
sun at different times. “These,” ho“'‘ says, “some- 
times agreed and sometimes disagreed.” But by 
further attention to the facts, a rule Avas detected 

Snit. V. 2. 
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in these differences, ^^As my knowledge became 
more complete and more connected, so as to sliow 
the order of this new inecpiality, I perceived that 
tliis difference ^^ as small, or nothing, at new and full 
moon ; and that at both the dichotomies (when the 
moon is half illuminated,) it was small, or nothing, 
if the moon was at the apogee or ])erigec of the 
epicycle, and was greatest when she was Jn the 
middle of the interval, and therefore Avhen the first 
inecpiality was greatest also.” He then adds some 
further remarks on the circumstances according to 
which the moon’s place, as atfected l)y this new 
inequality, is before or behind the place, as given by 
the epicyclical hypothesis. 

Such is tlie announcement of the celebrated 
discovery of the moon’s second inecinality, after- 
wards called (by Bullialdus) the crfction. Ptolemy 
soon proceeded to represent this inecpiality by a 
combination of circular motions, uniting, for this 
purpose, the hypothesis of an epicycle, already 
emjdoyed to explain the first inecpiality, witli the 
hypothesis of an eccentric, in the circumference of 
which the centre of the epicycle was snj)])osed to 
move. The mode of combining tliese Avas some- 
what complex; more comj)lex we may, })erha|)s, 
say, than Avas absolutely requisite"^; the apogee of 

If Ptolemy had used the hypothesis of .an eccentric instead 
of an epicycle for the first inccpiality of the moon, an epicycle 
would liave represented tlie second inequality more simply than 
his method did. 
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the eccentric moved backwards, or contrary to the 
order of tlio signs, and the centre of the epicylo 
moved forwards nearly twice as fast upon the cir- 
cumference of the eccentric, so as to reach a place 
nearly, but not exactly, the same, as if it had moved 
in a concentric instead of an eccentric path. Thus 
the centre of the epicycle went twice round the 
eccentric in the course of one month : and in this 
manner it satisfied the condition that it should 
vanish at new and full moon, and be greatest when 
the moon was in the quarters of her monthly 
course. 

The discovery of the evcction, and the reduction 
of it to the epicyclical theory, was, for several rea- 
sons, an important step in astronomy; some of these 
reasons may be stated. 

1. It obviously suggested, or confirmed, the sus})i- 
cion that the motions of the heavenly bodies might 
be subject to inequalities ; — that when one set 

of anomalies had been discovered and reduced to 
rule, another set might come into view ; — that the 
discovery of a rule was a ste]) to the discovery of 
deviations from the rule, which would recpiire to be 
expressed in other rules; — that in the a])plication 
of theory to observation, we find, not only the 
l)henomm(U for which the theory does account, but 
also residual phenomena^ which remain unaccounted 
for, and stand out l)eyond the calculation ; — that 
thus nature is not simple and regular, according to 
th() simplicity and regularity of our hypothesis, but 
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leads us forwards to apparent com])lexity, and to an 
accumulation of rules and relations. A fimt like the 
evection, explained by an hypothesis like Ptolemy’s, 
tended altogether to discom*ago any disposition to 
guess at the laws of nature from mere ideal views, 
or from a few phenomena. 

2. The discovery of evection had an importance 
which did not come into view till long afterwards, 
in being the first of a numerous series of iiief|ualities 
of the moon, which result from the dhturbinff fcn'cc 
of the suu. These ineqiialities Avere successively 
discovered ; and led finally to the establishment of 
the law of universal gravitation. The moon’s first 
inequality arises from a diflerent cause ; — from the 
same cause as the inequality of the siin’s motion ; — 
from the motion in an ellipse, so far as the ccntixil 
attraction is undisturl)od by any other. This first 
inequality is called the elliptic inequality, or, more 
usually, the cqmdioti of the centre. All the ])lanets 
have such inequalities, but the evection is peculiar 
to the moon. The discovery of other inequalities .of 
the moon’s motion, the variation and annual equa- 
tion, made an immediate secpiel in the order of 
the subject to the discoveries of Ptolemy, although 
separated by a long interval of time ; for these dis- 
coveries were otdy made by Tjcho Brahe in the 
sixteenth century. The imperfection of astrono- 
mical instmments was the great cause of this long 
delay. 

3. The ejncyclical hypothesis was found capable 
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of accommodating itself to such new discoveries. 
These new inec|iialities could bo represented by now 
combinations of eccentrics and epicycles: all the 
real and imaginary discoveries of astronomers, up to 
Co]iernicus, were actually embodied in these hypo- 
theses ; Copernicus, as we have seen, did not rcyect 
such hypotheses ; the lunar inequalities which Tycho 
detected might have been similarly exhibited ; and 
even Newton '^ represents the motion of the moon’s 
apogee by means of an cpicyle. As a mode of 
expressing the law of the irregularity, and of calcu- 
lating its results in ]mrticular cases, the ej>icyelical 
theory was ca])ablo of continuing to render great 
service to astronomy, however extensive the pro- 
gress of the science might be. It was, in fact, as we 
have already said, the modern process of representing 
the motion ):)y means of a series of circular functions. 

4. lint though the doctrine of eccentrics and 
epicycles was thus admissible as an hypothesis, and 
convenient as a means of expressing the laws of the 
heavenly motions, the successive occasions on which 
it was called into use, gave no countenance to it as a 
theory ; that is, as a true view of the nature of these 
motions, and their causes. By the stops of the juo- 
gress of this hypothesis, it became more and more com- 
plex, instead of becoming more simple ; which, as n-e 
shall see, the true theory did. The notions concerning 
the position and connexion of the heavenly bodies. 


Piincipiu, lib. iii. prop. xxxv. 
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which were suggested by one set of phenomena, were 
not confirmed by the indications of another set of 
phenomena ; for instance, those relations of the epi- 
cycles which were adopted to account for the mo- 
tions of the heavenly bodies, were not found to fall 
in with the consecpiences of their apparent dia- 
meters and parallaxes. In reality, as we have said, 
if the relative distances of the sun and moon at dif- 
ferent times could have been accurately determined, 
the theory of epicj'cles must have been fortliMith 
overturned. The insecurity of such measurements 
alone maintained the theory to later times. 


Sect. 7 . — Conclusion of the History of Grech 
AsUwiomy. 

I might now proceed to give an account of Pto- 
lemy’s other great stej), the determination of the 
planetary orbits ; but as this, though in itself very 
curious, would not illustrate any ijoint beyoml those 
already noticed, I shall refer to it very briefly. The 
planets all move in el1ii)ses about the sun, as the 
moon moA’es about the earth ; and as the sun a])i)a- 
rently moves about the earth. They will therefore 
each have an elliptic ineciuality or equation of the 
centre, for the same reason that the sun and moon 
have such inequalities. And this inequality may be 
represented, in the cases of the jdanets, just as in the 
other two, by means of an eccentric ; the (q)icycte, 
it 'will be recollected, had already been used in order 
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to represent the more obvious changes of the plane- 
tary motions. To cletennine the amount of the ec- 
centricities and the places of the apogees of the 
planetary orbits, was the task which Ptolemy under- 
took; Hipparchus, as we have seen, having been 
destitute of the observations Avhich such a jiroccss 
required. The determination of the eccentricities 
in these cases involved some peculiarities which 
might not at first siglit occur to the reader. The 
ellij^tical motion of the jilanets takes jilace about 
the sun ; but Ptolemy considered their movements as 
altogether independent of the sun, and referred them 
to the earth alone ; and thus the apparent eccentrici- 
ties which he had to account for, were the compdfund 
result of the eccentricity of the earth’s orbit, and of 
the proper eccentricity of the orbit of the planet. 
He explained this result by the received mechanism 
of an cccenti'ic deferent, carrying an epicycle ; but 
the motion in the deferent is uniform, not about the 
centre of the circle, but about another point, the 
cqmnt. Without going further into detail, it may 
be sufficient to state that, by a combination of ec- 
centrics and epicycles, he did account for the lead- 
ing features of these motions; and by using his 
own obsoi’vations, com})ared with more ancient ones, 
(for instance, those of Timocharis for Venus.) ho was 
able to determine the dimensions and positions of 
the orbits. 

I shall here close my account of the astronomical 
progress of the Greek school. My purpose is only 
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to illustrate the principles on which the progress of 
science depends, and tliei-efore I have not at all pre- 
tended to touch upon every part of the subject. Some 
portions of the ancient theories, as for instance, the 
mode of accounting for the motions of the moon 
and planets hi latitude, are sufficiently analogous to 
■vvhat has been explained, not to require any more 
esjiecial notice. Other parts of the Greek astrono- 
mical knowledge, as, for instance, their acquaintance 
with refraction, did not assume any clear or definite 
form, and can only be considered as the prelude to 
modern discoveries on the same sulyect. And before 
M c can with propriety pass on to these, there is a 
long and remarkable, though unproductive interval, 
of which some account must bo given. 

Sect. 8. — Arabian Astronomy. 

The interval to which I have just alluded may bo 
considered as extending from Ptolemy to Coper- 
nicus; we have no advance in Greek astronomy 
after the former ; no signs of a revival of the power 
of discovery till the hitter. During this interval of 
1350 years’’, the priucijial cultivators of astronomy 
were the Arabians, who ado])ted this science from 
the Greeks whom they conquereil, and from whom 
the conquerors of western Eurojie again received 
back their treasure, when the love of science and 

” Ptolemy died about a.d. 150. Copernicus was living a.d. 
1500. 



SEQUEL TO THE EPOCH OF HIPPARCHUS. 223 


the capacity for it had been awakened in their 
minds. In the intervening time, the precious de- 
posit had undergone little change. The Arab astro- 
nomer had been the scrupulous but unj^rofitablo 
servant, who kept his talent without apparent danger 
of loss, but also without prospect of increase. There 
is little in Arabic literature which bears upon the 
progress of astronomy ; but as tlie little that there is 
must be considered as a sequel to the Greek science, 
I shall notice one or two points before I treat of the 
stationary period in general. 

When the sccjitre of western Asia had passed 
into the hands of the Abasside caliphs^®, Bagdad, 
“ the city of peace,” rose to splendour and refine- 
ment, and became the metropolis of science under 
the successors of Almansor the Victorious, as Alexan- 
dria had been under the successors of Alexander the 
Great. Astronomy attracted peculiarly the favour of 
the powerful as well as the learned ; and almost all 
tlie culture which uas bestowed nj)on tlie science, 
appears to have had its source in the ])atronage, 
often in the i)crsonal studies, of Saracen princes. 
Under such encouragement, much was done, in those 
scientific labours wliicli money and rank can com- 
mand. Translations of Greek works were made, large 
instruments were erected, observers wei’C main- 
tained ; and accordingly as observation showed the 
defects and imperfection of the extant tables of the 


Gibbon X. 31. 
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celestial motions, new ones were constructed. Thus 
under Alniansor, the Grecian works of science were 
collected from all quarters, and many of them trans- 
lated into Arabic'*'. The translation of the “ Megiste 
Syntaxis” of Ptolemy, which thus became the Al- 
magest, is ascribed to Isaac ben Homain in this reign. 

The greatest of the Arabian astronomers comes 
half a century latei-. This is Albategnius, as he 
is commonly called; or more exactly, Muhammed 
ben Geber Albatani, the last ai)pellation indicating 
that he was born at Batan, a city of Mesopotamia*’", 
lie was a Syrian ])rince, whose residence was at 
Aracte or Racha in Mesopotamia ; a i)art of his ob- 
servations were made at Antioch. Ilis work still 
remains to us in Latin. “ After having read,” he 
says, “ the Syntaxis of Ptolemy, and learnt the 
methods of calculation employed l)y the Greeks, his 
observations led him to conceive that some improve- 
ments might bo made in their results. lie found it 
necessary to add to Ptolemy’s observations, as Pto- 
lemy hud added to those of Abrachis” (IIi})[)archus). 
He then published tables of the motions of the sun, 
moon, and j)lanets, Avhich long maintained a high 
reputation. 

Tliese, however, did not prevent the publication 
of others. Under the Caliph Ilakcm (about a.d. 
1000,) Ebn lounis published tables of the sun, 
moon, and planets, which Avere hence called the 


Gibbon, X. 30. 
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Hakemite tables. Not long after, Arzacliel of 
Toledo published the Toletan tables. In the 13th 
century, Nasir Eddin published tables of the stars, 
dedicated to Ilchaii, a Tartar prince, and hence 
termed the Ilchanic tables. Two centuries later, 
Ulugh Beigh, the grandson of Tamerlane, and prince 
of the countries beyond the Oxus, was a zealous 
practical astronomer; and his tables, which were 
published by Hyde in 1GG5, are refen-ed to as im- 
portant authority by modern astronomers. The 
series of astronomical tables which we have thus 
noticed, in which, however, many are omitted, leads 
us to the Alphonsine tables, which were put forth in 
1488, and in succeeding years, under the auspices 
of Alphonso, king of Castile ; and thus brings us to 
the verge of modern astronomy. 

For all these tables, the Ptolemaic hypotheses 
were employed; and, for the most part, Avithout 
alteration. The Arabs sometimes felt the extreme 
complexity and difliculty of the doctrine which they 
studied ; but their minds did not possess that kind 
of invention and energy by which the philosophei'S 
of Europe, at a later period, won their Avay into a 
simpler and better system. 

Thus Alpetragius states, in the outset of his 
“ Planetarum Theorica,” that he was at first asto- 
nished and stupified with this complexity, but that 
afterwards “ God was pleased to open to him the 
occult secret in the theory of his orbs, and to make 
known to him the truth of their essence, and the rec- 
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titiulo of the quality of their motion.” His system 
consists, according to Delambro““, in attributing to 
the planets a spiral motion from east to west, an 
idea already refuted by Ptolemy. Geber of Seville 
criticizes Ptolemy very severely", but without intro- 
ducing any essential alteration into his system. The 
Arabian observations ai*e in many cases valuable; 
both because they were made with more skill and 
with bettor instruments than those of the Greeks ; 
and also because tlu'y illustrate the permanence or 
variability of important elements, such as the obli- 
quity of the ccli|)tic and the inclination of the 
moon’s orbit. 

We must, however, notice one or two peculiar 
Arabian doctrines. The most important of these is 
the discovery of the motion of the sun’s apogee by 
Albategnius. lie found the apogee to be in longi- 
tude 82 degrees ; Ptolemy had placed it in longi- 
tude 65 degrees. The diffin’ence of 17 degrees was 
beyond all limit of jirobable error of calculation, 
though the process is not capable of great precision ; 
and the inference of the motion of the apogee was 
so obvious, that we cannot agree with Delanibre, in 
doubting or extenuating the claim of Albategnius 
to this discovery, on the ground of his not having 
expressly stated it. 

In detecting this motion, the Arabian astronomers 
reasoned rightly from facts well observed ; they were 


““ Dclambro, M. A. p. 7* 
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not always so fortunate. Arzacliel, in the 11th cen- 
tury, found the apogee of tlie sun to be less advanced 
than Albategnius had found it, by some degrees ; he 
inferred that it had receded in the intermediate 
time ; but we now know, from an acquaintance Avith 
its real rate of moving, that the true inference 
would have been, that Albategnius, whose method 
Avas less trustAvorthy than that of Arzachel, had 
made an eiTor to the amount of the difference thus 
arising’. A curious, but utterly false hypothesis Avas 
founded on observations thus erroneously appre- 
ciated; namely, the trepidation of the f .ved Atars. 
Arzachel concciA’ed that a unifonn iirecession of 
the equinoctial ])oints Avould not account for the 
a|»]iarent changes of {tosition of the stars, and 
that for this jnirpose, it AA'as necessary to conceive 
tAvo circles of about 8 degrees radius described 
round the equinoctial points of the immoveable 
splu're, and to suppose the first jioints of Aries and 
Libra to describe the circumferences of these circles 
in alxnit 800 years. This Avould produce, at one 
time a progression, and at another a regTession, of the 
ajAparent equinoxes, and AA’ould moreover change the 
latitudes of the stars. Sucli a motion is entirely 
visionary; but the doctrine made a sect among 
astronomers, and Avas adopted in the first edition 
of the Alphonsine Tables, though afterAA'ards re- 
jected. 

An important excejition to the general unprogres- 
sivo character of Arabian science has been pointed 

Q 2 
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out recently by M. Sedillot*'. It appears that 
Mohammed-Aboul Wefa-al-Bouzdjani, an Arabian 
astronomer of the tenth century, who resided at Cairo, 
and observed at Bagdad in 975, discovei’ed a third 
inequality of the moon, in addition to the two ex- 
pounded by Ptolemy, the equation of the centre, 
and the evection. This third inequality, the varia- 
tion, is usually supposed to have been discovered by 
Tycho Brahe, six centuries later. It is an inequality 
of the moon’s motion, in virtue of which she moves 
quickest when she is at new or full, and slowest at 
the first and third (piarter ; in consecpienco of this, 
from the first quarter to the full, she is behind her 
mean place ; at the full, she does not dift’or from her 
mean jdaco ; from the full to the third quarter, she 
is before her true place ; and so on ; and the greatest 
effect of the inequality is in the octant'^, or ])oints 
half-way between the four qtiarters. In an Almagest 
of Aboul Wefa, a part of which exists in the Royal 
Library at Paris, after describing the two inequalities 
of the moon, he has a Section ix., “ Of the Third 
Anomaly of the IMoon called Muhuzal or Promcnsin." 
He tliere says, that taking cases when the moon was 
in apogee or perigee, and when, consequently, the 
effect of the two first ine<jualities vanishes, he found, 
by observation of the moon, M'hen • she was nearly in 
trine and in seMile with the sun, that she was a degree 

Sedillot. Noiivelles Rcch. sur Tllist. de TAstron. cliez 
les Arabes. Nouveau Journal A.s}ali(jue, 
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and a quarter from her calculated place. “Amf 
hence,” he adds, “I perceived that this anomaly 
exists indejiendently of the two first : and this can 
only take place by a declination of the diameter of 
the epicycle with respect to tlie centre of the 
zodiac.” 

We may remark that we have hero this inequality 
of the moon made out in a really jdiilosophical 
manner; a residual quantity in the moon’s longitude 
being dt‘tected by observation, and the cases in 
which it occurs selected and grouped by an inductive 
effort of the mind. The advance is not great; for 
About Wc'fa ap|)ears only to have detected the 
existence, and not to have fixed tlie law or the 
exact quantity of the inequality ; but still it places 
the scientific ca])acity of the Arabs in a more favour- 
able point of view than any circumstance with which 
we M’cre j)reviously acquainted. 

But this discovery of Aboul Wefa appears to have 
excited no notice among his contempoi’aries and 
follouers ; at least it had been long <|uite forgotten 
when Tycho Brache rediscovered the same lunar 
inequality. We can hardly help looking upon this 
circumstance as an evidence of the servility of 
intellect of the Arabian period. The learned Ara- 
bians were so little in the habit of considering science 
as progressive, and looking with pride and confidence 
at examples of its progress, that they had not the 
courage to believe in a discovery which they them- 
selves had made, and were dragged back by the 
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thain of authority, even when they had advanced 
beyond their Creek masters. 

As the Arabians took the whole of their theory 
(with such sli/i’ht exce]»tions as we have been 
noticing) Irom the Greeks, they took from them also 
the mathematical processes l)y which the consc- 
<|ucuces of the theory were obtained. Arithmetic 
and trigonometry, two main branches of these ])ro- 
cesses, received considerable improvements at their 
hands. In the former, es|)ecially, they rendered a 
service to the world which it is diflicult to estimate 
too highly, in abolishing the cumbrous sexag('sinial 
arithmetic of the Greeks, and introducing the nota- 
tion by moans of the digits 1, 2, 3, 4, 5, 0, 7, 8, 9, It, 
which we now employ"*. These numerals a])pear to 
bo of Indian origin, as is acknoAvledged by the .(\nibs 
themselves ; and thus form no exce])tion to the steri- 
lity of the Arabian genius as to great scientific 
inventions. Anotlu'r ini])rovement, of a subordinate 
kind, but of great utility, was Arabian, being made 
by Albategnius. lie introduced into calcidation tlu; 
sine, or half-chord of the double arc, instead of tlui 
chord of the arc itself which had been mnployed by 
the Greek astronomers. Thert! have been various 
conjectures concerning the origin of the word sine; 
the most ])robable a]!j)Cars to be that sinus is the 
Latin translation of tlu* Arabic word gilt, which 
signifies a foM, the two halves of the chord being 
conceiveil to be folded together. 

I^ront. i. 
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The gTcat obligation wliicli seicnoo owes to tlio 
Arabians, is to have* in'oscrvcd it daring a period of 
darkness and desolation, so that Euro})c might 
receive it l^ack again when tlie evil days were past. 
We shall see hereafter how dilfereiitly the Enro])ean 
intellect dealt with this hereditary treasure when 
once recovered. 

B(‘fore ({iiitting the snl)ject, wc may observe that 
Astronomy brought back, Ironi her sojourn among 
the Arabs, a few terms wbicb may still be perceived 
in her phraseology. Such are the zenith, and the 
opposite ijiiaginary point, the nadir ; — the circles of 
the sphere termed ahnaeantars and azimuth circles. 
The alidad of an instrument is its index, Avhich ]»os- 
sc'sses an angular motion. Some of the stars still 
retain their Aral)ic names; Aldcharan, Itifjel, Fomal- 
hant; many others were knoAvn by such apj)ellatious 
a little while ago. Perhaps the wonl almanao is the 
most familiar vestige of the Arabic period of 
astronomy". 

It is uot (o luj' purpose to note eii}' cflorts of the intellcc- 
tuiil fiicultlcs among other nations, wliicli may liave taken 2 )laec 
independently of tlic great system of progressive European 
culture, from which all our existing science is derived. Other- 
wise 1 might speak of the astronomy of some of the Orientals, 
for example, the Chinese, who arc said, by Montucia (i. dtia) 
to have discovered the first equation of the moon, and the 
proper motion of the fixed stars (the precession), in tin* third 
century of our era. The Oreeks had mtvde these discoveries 
51)0 years earlier. 
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In vain, in vain ! the all-composing hour 
llosistless falls .... 

As one hy one, at drc'ad Modoa’^; strain, 

The sitkcniiig stars fade off tlf ethereal plain; 

As Argus’ i‘yes, hy ll(‘nnt's’ wand opprest, 

(dos(Hl one by one to everlasting rest; 

Thus at her felt approach and secret iniglit, 

Art after art g(K’S out, and all is night. 

See skulking 'I’ruth to Ik*!* old cave*! !! lied, 
!Moiuitaius of casuistry heaped on her lo ad ; 
Pliilosopliy, that reached the lu'avens Ix'forc*, 
Shrinks to her hidden cause, and is no nion». 
J’liysie of .Meiaphysie bc*gs defence, 

And .Meta[diysic i*alls for aid to Siuise : 

See Mystei'v to ^Matlieinatics hy ! 

In vain! they gaze, turn giddy, rave, and die. 

D line HU 1 >. 



INTRODUCTION. 


AV"g liavc now to consider more especially a long ami 
barren period, Avliicb intervened between the scien- 
tific activity of ancient Greece, and that of modern 
Ji;uro])e; and which Ave may, therefore, call the 
Stationary Period of Science. It Avoiild be to no 
purpose to enumerate the A'arioiis forms in A\hich, 
during these times, men reproduced the discoveries 
of the iuAxnitiA^e ages : or to trace in them the small 
successes of art, void of any jnanciple of genuine 
|)liiloso})hy. Our object requires rather tliat avc 
should point out tlie general and distinguislii ng 
featv.res of the intellect and habits of those times. 
We must endeaAWir to delineate tlie character of 
the Stationary Period, and, as far as i)ossible, to 
analyse its defects and errors; and thus to obtain 
some knoAvledge of the causes of its ))arremiess and 
darkness. 

We have already stated, that real scientific pro- 
gress re(piires distinct general ideas, ap^died to many 
special and certain facts. In the period of Avliich 
Ave now have to Sj)eak, men’s ideas Averc obscured, 
their disposition to bring their general vicAvs into 
accordance Avith tacts AA^as enfeebled. They Avere 
thus led to em])loy themselA^es unprofitably, among 
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indistinct and unreal notions. And the evil of 
these tendencies was further inflamed, by moral 
peculiarities in the character of those times ; — by an 
abjectness of thought on the one hand, winch conld 
not help looking* towards some intellectual superior; 
and by aii ini])atience of dissent on the other. To 
this must be added an enthusiastic temper, which, 
when introduced into speculation, tends to subject 
the mind’s o})erations to ideas altogether distorted 
and delusive. 

These characteristics of the stationary period, its 
obscurity of thought, its servility, its intolerant dis- 
position, and its enthusiastic temper, will be treated 
of in the four following chapters, on the Indistinct- 
ness of Ideas, the Commentatorial Spirit, the Dog- 
matism, and the Mysticism of the Middle Ages. 
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CHAPTER I. 

On the Indistinctness op Ideas of the 
Middle Ages. 

That firm and entire possession of certain clear 
and distinct general ideas which is necessary to 
sound science, was the character of the minds of 
those of the ancients who created the several sciences 
which arose among them. It was indispensable, that 
such inventors should have a luminous and stead- 
fast apjirehensiou of certain general relations, such as 
those of space or number, of order and cause ; and 
should be able to apply these notions with perfect 
readiness and pi'ecision to special facts and cases. 
It is necessary that such scientific notions should be 
more definite and pi-ecise than those which common 
language conveys ; but even in this state of unusual 
clearness, they must be so familiar to the idiiloso- 
pher, that they are the language in which he thinks. 
And the discoverer is thus led to doctrines which 
other men adopt and follow out, in jiroportion as 
they seize the fundamental ideas, and become ac- 
quainted with the leading facts. Thus Ilipjiarchus, 
conceiving clearly the motions and combinations of 
motion wdiich enter into his theory, saw that the 
relative lengths of the seasons were suflicient data 
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for determining' the form of the sun’s orbit ; thus Ar- 
chimedes, ])osse8sing' a steady notion of mechanical 
pressure, Avas able, not only to deduce the properties 
of the lever and of the centre of gravity, but also to 
see the truth of tliose principles respecting the dis- 
tribution of pressure in fluids, on which the science 
of hydrostatics deiiends. 

With such distinct ideas, tlic inductive sciences rise 
a»id floui’ish ; with the decay and loss of such distinct 
ideas, these scicjices become stationary, languid, and 
retrograde. When men merely repeat the temis of 
science, without attaching to them any clear con- 
ceptions ; — when their ajiprehensions become vague 
and dim ; — when they assent to scientific doctrines 
as a matter of tradition, rather than of conviction, 
on trust rather than on sight; — wlien science is 
considered as a collection of o|)inions, rather than 
a record of laws by which the universe is really 
governed; — it must inevitably happen, that men 
will lose their hold on the truths nhich the gi'eat 
discoverers Avho ])receded them have brought to 
light. They are not able to push forwards the 
truths on which they lay so feeble and irresolute 
a hand; probably they cannot even prevent their 
sliding back towards the obscurity from which they 
had been draAvn, or from being lost altogether. 
Such indistinctness and A'acillation of thought ap- 
pear to have prevailed in the stationary period, and 
to be, in fact, intimately connected with its sta- 
tionary character. I shall point out some iiidica- 
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tions of the iutcllcctual peculiarity of which I 
speak. 

1. Collections of Opinions . — The fact, that mere 
Collections of the opinions of physical philosophers 
came to hold a ])rominent place in literature, already 
indicated a tendency to an indistinct and wandering 
ajiprehcnsion of such opinions. I speak of such 
works as Plutarch’s live Books “ on the Opinions of 
Philosophers,” or the jdiysical o])inions which Dio- 
genes Latjrtius giA’cs in his “ Lives of the Philoso- 
phers.” At an earlier period still, books of this 
kind ai)pear; as for instance, a large ])ortion of 
Pliny’s Natural History, a work which has very 
appropriately been called the Encyclopaidia of Anti- 
quity ; even Aristotle himself is much in the habit 
of enumerating tlie o})inions of those who had 
])receded him. To present such statements as an 
important part of [diysical jdiilosojdiy, shows an 
erroneous and loose apprehension of the nature 
of such iihilosophy ; for the oidy proof of which 
its doctrines admit, is the possibility of applying 
the general theory to each particular case. The 
authority of great men, which in moral and prac- 
tical matters may or must have its weight, is hero 
of no force; and the technical precision of ideas 
which the terms of a sound jdiysical theory usually 
demand, renders a more statement of the doctrines 
very inijierfectly intelligible to readers familiar uith 
common notions only. To ilwell ujion such col- 
lections of ojiinions, therefore, imjilics, and jiro- 
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duces, in writers and readers, an obscure and inade- 
quate aj)prehension of the full meaning of the 
doctrines thus collected; if there be among them 
any which really possess that clearness, solidity, and 
reality, which make them important in the history 
of science. Such divei’sitics of t)piuion convey no 
truth ; such a multiplicity of statements of what has 
been said, in no degree teaches ns what is ; such 
accumulations of indistinct notions, however vast 
and varied, do not make up one distinct idea. On 
the contrary, the habit of dwelling upon the verbal 
expressions of the views of other persons, and of 
being content with such an aiqirehension of doc- 
trines as a transient notice can give ns, is fatal to 
firm and clear thought: it indicates Avavering and 
feeble conceptions, Avhich are inconsistent with 
sound physical speculation. 

We may, therefore, consider the prevalence of 
Collections of the kind just referred to, as indicating 
a deficiency of philosophical talent in the ages now 
under review. As evidence of tlie same character, 
Ave may add the long train of publishers of Abstracts, 
Epitomes, Bibliographical Notices, and similar Avri- 
ters. All such Avriters are Avorthless for all jiurposes 
of science, and their labours may be considered as 
dead Avorks; they have in them no princii)le of 
philosophical vitality; they draAv their origin and 
nutriment from the death of true physical knoAV- 
ledge ; and resemble the SAvarms of insects that are 
born from the perishing carcass of some nobler animal. 
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2. Indistinciness of Ideas in Mechanics . — But the 
indistinctness of thought which is so fatal a feature 
in the intellect of the stationary period, may be traced 
more directly in the works, even of the best authors, 
of those times. We find that they did not retain 
steadily the ideas on which the scientific success of the 
previous period had depended. For instance, it is a 
remarkable circumstance in the history of the science 
of mechanics, that it did not make any advance from 
the time of Archimedes to that of Stevinus and 
Galileo. Archimedes had estaldished the doctrine 
of the lever ; several persons tried, in the interme- 
diate time, to prove the juoperty of the inclined 
plane, and none of them succeeded. But lot us 
look to the attem})ts ; for example, that of Pappus, 
in the eighth book of his IMathematical Collections, 
and we may see the reason of the failure. Ilis 
problem shows, in the very terms in which it is 
propounded, the w^ant of a clear apprehension of the 
sul)ject. “ Having given the power which will draw 
a given weight along a horizontal ])lane, to find the 
additional power which will draw the same weight 
along a given inclined plane.” This is jiroposed 
without previously defining how^ producing 

such effects, are to be measured; and as if the rate 
at w hich the body were draw n, and the nature of 
the surface of the })Iaue, were of no consequence. 
The proj)er elementary iiroblem is, to find the force 
which will sappoi't a body on an inclined ; and 
no doubt the solution of Pappus has more reference 
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to this problem than to his oAvn. His reasoning is, 
hoAA’ever, totally at variance with mechanical ideas 
on any vieAV of the problem. He supposes the 
weight to be fonned into a sphere ; and this sjAhere 
being placed in contact A\’ith the inclined plane, he 
assumes that the effect will be the same as if the 
Aveight Avero supported on a horizontal lever, the 
fulcrum being the iioiut of contact of the sphere 
AA’ith the plane, and the poAA’er acting at tlie circum- 
ference of the sphere. Such an assumption implies 
an entire absence of those distinct ideas of mecha- 
nical pressure, on Avhich our perception of the 
identity or difference of different modes of action 
must depend ; — of those ideas by the help of Avhich 
Archimedes had been able to demonstrate the ])roper- 
ties of the lever, and Stevinus aftc'rwards discovered 
the true solution of the problem of the inclined jdane. 
The motive to Papjms’s assumption Avas y)rohahly his 
perceiving that the ad<litional poAAer, AAhich he thus 
obtained, A'anished AA'lien tlie jdane became horizontal, 
and increased as the inclination became greater. Thus 
his concejAtions Avere vague ; lui had no grounds of 
rational conviction, and he tried a conjecture. This 
is not the Avay t(A real knowledge. 

PapjAus (avIio lived about A. D. 400) Avas one of the 
best mathematicians of the Alexandrian school ; 
and, on subjects Avhere his ideas Avere so indistinct, 
it is not likely that any much clearer aaxto to be 
found in the minds of his contemporaries. Accord- 
ingly, on all subjects of speculative mechanics, there 
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appears to have been an entire confusion and obscu- 
rity of thought till modern times. Men’s minds 
were busy in endeavouring to systematize the dis- 
tinctions and subtleties of the Aristotelian school, 
concerning motion and jmwer; and, being thus 
emjiloyed among doctrines in which tliere was 
involved no definite signification, capable of real 
exemplification, they, of course, could not acquire 
sound 2)hysical knowledge. We have already 
seen that the ]>hysical opinions of Aristotle, oven 
as they came from him, had no 2n‘02Jer scientific 
2 n‘ecision. Ilis followers, in their endeavours to 
2ierfect and develop his statements, never attempted 
to introduce clearer ideas than those of their master ; 
and as they never referred, in any steady manner, to 
fixets, the vagueness of their notions was not cor- 
rected by any collision Avith observation. The 
2)bysical doctrines which they extracted from Aris- 
totle were, in the course of time, built iqi into a 
regular system; and though these doctrines could 
not bo folloAvcd into a 2 >ractioal a]) 2 )lication Avithout 
introducing distinctions and changes, such as de- 
2>rivcd the terms of all steady meaning, the dogmas 
contimu'd to be ixqieated, till the Avorld AA'as 2 >c't- 
suaded that they Avero self-evi<lent ; and Avhen, at a 
later ex2)erimental 24 nloso 2 »hers, sxich as 

Galileo and Boyle, ventured to contradict these 
current maxims, their neAv princi2)les sounded in 
men’s ears as strange as they uoaa’ sound tamiliar. 
Thus Boyle 2'roumlgated his o2)inions on the me- 
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chanics of fluids, as “ Ilydrostatical Paradoxes, 
proved and illustrated by experiments.” And 
the opinions which he tlierc ojiposes, are those 
which the Aristotelian philosojdiers habitually pro- 
pounded as certain and indisputable ; such, for 
instance, as that “ in fluids the upper parts do not 
gravitate on the lower;” that “a lighter fluid will 
not gravitate on a heavier that “ levity is a posi- 
tive quality of bodies as well as gravity.” So long 
as these assertions were left uncontested and un- 
tried, men heard and repeated them, without per- 
ceiving the incongruities which they involved : and 
thus they long evaded refutation amid the vague 
notions and undoubting habits of the stationary 
period. But when the controversies of Galileo’s 
time had made men think with more acuteness and 
steadiness, it was discovered tluit many of these 
doctrines were inconsistent with themselves, as well 
as with experiment. Wo have an examiile of the 
confusion of thought to which the Aristotelians were 
liable, in their doctrine concerning falling bodies. 
“ Heavy bodies,” said tlu>y, “ must fall ([uicker than 
light ones ; for weight is the cause of their fall, and 
the weight of the greater bodies is greater.” They 
did not j)erceivc that, if they considered the weight 
of the body as a ])ower acting to jiroduce motion, 
they must consider the body itself as ottering a 
resistance to motion ; and that the effect must 
depend on the i>roj)ortion of the power to the resist- 
ance ; in short, they had no clear idea of accelerating 



INDISTINCTNESS OF IDEAS. 


245 


fm’ce. This defect runs through all their mecha- 
nical speculations, and renders them entirely value- 
less. 

We may exemplify the same confusion of thought 
on mechanical subjects in writers of a less technical 
character. Thus, if men had had any distinct idea 
of mechanical action, they could not have ac- 
cepted for a moment the fable of the Echincis or 
Ilernora, a little fish which was said to be able to 
stoji a large ship merely by sticking to it. Lucan' 
refers to this legend in a ])oetical manner, and 
notices this creature only in bringing together a 
collection of monstrosities; but Pliny relates the 
tale gravely, and moralizes upon it after his manner. 
“ What,” he cries*, “ is more violent than the sea 
and the Winds ? what, a greater work of art than a 
ship? Yet one little fish (the Echineis) can hold 
back all these when they all strain the same way. 
The winds may blow, the waves may rage ; but this 
small creature controls their fury, and stops a vessel, 

' Lucan is describing one of the poetical compounds intro- 
duced in incantiitions. 

Hue quicquid feetu genuit Natura sinistro 
Miscetur: non spunia ciinum quibus unda timori est. 
Viscera non lyncis, non dura; nodus liya;niu 
Defuit, et cervi j’osti serpente medulla; ; 

Non ptippcs retiuens, Euro tendente audentes 
In mediis Echincis aquis, oculique draconuni. 

Etc. Fharsolia, iv. 070. 

* Plin. IJist. N. xxxii. 1. 
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when chains and ancliors would not hold it: and 
this it docs, not by hard labour, hut nio'rcly by ad- 
hcrinfir to it. Alas, for human vauitv ! when the 
turretted ships which man has built, that ho may 
light from castlc-Avalls, at sea as Avell as at laud, are 
held captive and motionless by a fish a foot and a 
half long. Such a lish is sai<l to have stojit the 
admiral’s ship at the battle of Actium, and CDin- 
pelled Antony to go into another. And in our own 
memory, one of these anim.als held last the shi]) 
Cains, the emj)eror, nheu he was sailing from 
Asturato Antium. The stoi)ping of this ship, when 
all the rest of the fleet went on, causeil surprise ; 
but this did not last long, for some of the men 
jumped into the water to look for the fish, and found 
it sticking to the rudder; they slioAvcd it to Cains, 
who was indignant that this animal should inter- 
pose its prohibition to his ])rogress, wlnm im- 
pelled by four hundred rowers. It was like a 
slug ; and had no ])ower, after it u as taken into the 
ship.” 

A very little advance in the power of thinking 
clearly on the force Avhich is exerted in imlling, would 
h.ave enabled the Romans to see, that the shi[) and 
its rowers must jmll the adhering lish by tin; hold 
the oars had upon the water; and that, exce])t the 
fish had a hold equally strong on some external 
body, it could not resist this force. 

3. Indistinctness' of Ideas shown in Architecture.— 
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Perliaiis it may serve to illustrate still furtlier the ex- 
tent to which, under the Homan empire, men’s notions 
of mechanical relations hecamc faint, wavered, and 
disappeared, if we observe the change which took 
place in architecture. All architecture, to ]>ossess 
genuine beauty, must he mechanically consistent. 
’I’lio decorative members must re])resoiit a structure 
which has in it a i)rinciple of support and stability. 
Thus the Cli’ccian colonnade Mas a straight hori- 
zontal beam, resting on vertical ])rops; and their 
l)edimc)it imitated a frame like a roof' Mliere oppo- 
sitely-inclined beams support each other. These 
forms of building M'cre, therefore, projier models of 
art, because they implied supporting forces. But 
to bo content Avith colonnades and pediments, AA'hich, 
though they imitated the forms of tlic Grecian, 
were destitute of their mechanical truth, belonged 
to the decline of art; and shoned that men had 
lost the idea of force, ami retained only th.at of 
shai>e. Yet this Avas Avhat the architects of the 
empire did. Under their hands, the pediment AA’as 
severed at its vertc'x, or divided into separate halves, 
so that it Avas no longer a meclianical possiliility. 
The entablature no longer lay straight from pillar to 
pillar, but, projecting over each column, turned back 
to the Avail, and adhered to it in the intenening 
space. The splendid remains of Palmyra, Balbec, 
Petra, exhibit endless exam])les of this kind of 
perverse inventiveness; and shoAV ns, very instruc- 
tivoly, hoAV the decay of art and of science alike go 
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along with this indistinctness of ideas which we are 
endeavouring to explain. 

4. Indistinctness of Ideas in Astronomy. — Return- 
ing to the sciences, it may be suiiposed, at first sight, 
that, with regard to astronomy, we have not the 
same ground for charging the stationary i)criod with 
indistinctness of ideas on that subject, since they 
were able to acquire and verify, and, in some mea- 
sure, to apply, the doctrines previously established. 
And, undoubtedly, it must be confessed that men’s 
notions of the relations of space and number are 
never very indistinct. It appears to be im|)ossible for 
these chains of elementary perception ever to be 
much entangled. The later Greeks, the Arabians, 
and the earliest modern astronomers, must have 
conceived the hypotlieses of tlie Ptol(.>maic system 
in a tolerably complete degree. And yet, we may 
assert, that, during the stationary period, men did 
not 2 )ossess tlie notions, even of space and number, 
in that vivid and vigorous manner Avhich enables 
them to discover new truths. If they had perceived 
distinctly that the astronomical theorist had merely 
to do witli relative motions, they must have been led 
to see the possiliility, at least, of the Cojiernican 
system ; as the Greeks, at an earlier i)eriod, had 
already jierceived it. We find no trace of this. 
Indeed the mode in which the Aiabian mathema- 
ticians present the solutions of their i)roblems, does 
not indicate that clear apiirehension of the relations 
of sjiace, and that delight in the contemplation of 
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them, which the Greek geometrical speculations 
imply. The Arabs are in the habit of giving con- 
clusions Avithout demonstrations, precepts without 
the investigations by which they are obtained ; as 
if tlieir main object were ])ractical rather than 
speculative, — the calculation of results rather than 
the exposition of theory. Delambre“ has been 
obliged to exercise great ingenuity, in order to dis- 
cover the method in which Ibn lounis proved his 
solution of certain difficult ]>roblems. 

6. Indidinctuess of Ideas sJmvn hy Sceptics . — ^The 
same unsteadiness of ideas which jirevents men from 
obtaining clear views, and steady and just convic- 
tions, on special subjects, may lead them to des])air 
of or deny the possibility of acipiiring certainty at 
all, and may thus make them sceptics with regard 
to all knowledge. Such sceptics are themselves 
men of indistinct vieivs, for they could not othei- 
wise avoid assenting -to the demonstmted truths of 
science ; and, so far as they may be taken as s])eci- 
mens of their contemj)oraries, they prove that indis- 
tinct ideas prevail in the ago in which they ajipear. 
In the stationary ])eriod, moreover, the indefinite 
speculations and unprofitable subtleties of the schools 
might further impel a man of bold and acute mind 
to this universal scepticism, because they offered 
nothing which could fix or satisfy him. And thus 
the sceptical spirit may deserve our notice as indica- 


’ Dclanib. M. A. p. 125-8. 
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tions of the defects of that system of doctrine which 
was too feeble in demonstration to control such 
resistance. 

The most i-emarkable of these philosophical scep- 
tics is Sextus Em])iricus ; so called, from his belong- 
in'': to that medical sect which was termed the empi- 
rical, in contnidistinction to the rational and metho- 
dical sects. His works contain a series of treatises, 
directed against all the divisions of the science of 
his time. He has chapters against the Geometers, 
against the Arithmeticians, against the Astrologers, 
ag-.iinst the JMusicians, as well as against Gramma- 
rians, Rhetoricians and Logicians ; and, in short, as a 
modern Avriter has said, his scepticism is em|iloyed 
as a sort of frame-work u hich emliraces an encyclo- 
])edical view of liunian knowledge. Tt must bo 
stated, lioweA'er, tliat his objections are rather to tlio 
meta])hysics, than to the details of tlie sciences ; ho 
rather denies the ])ossibility of S|)ecnlative truth in 
general, than the exjterinieiital tiiiths which had 
been then obtained. Thus his objections to geo- 
metry and arithmetic arc founded on abstract cavils 
concerning the nature of jioijits, letters, unities, &c. 
And when he comes to sj)eak against astrology, he 
says, “ I am not going to consider tliat perfect 
science uhich rests upon geometry and arithmetic ; 
for I have already shown the weakness of those 
sciences ; nor th.at faculty of ])rediction (of 
the motions of the heavens) which belongs to 
the puj)ils of Eudoxus, and Ilipj.archus, and the 



INDISTINCTNESS OF IDEAS. 


251 


rest, wliicli sonic call astronomy; for tliat is an 
observation of plionoincna, like agricultnrc or navi- 
gation ; but against the art of prediction from tlic 
time of birtli, which tlie Chaldeans exercise.” Sex- 
tus, therefore, though a sce]>tic by profession, was 
not insensible to the difference between experimen- 
tal knowledge and mystical dogmas, thougli the 
former Jiad notliiug wliich excited his admiration. 

The early writers of the Christian church deemed 
liglitly of the ]>hiloso|)hy of tlieir pagan antagonists; 
but tliis was on different grounds, as we shall liere- 
after see. Tlio spirit of bold examination and denial 
of authorityappears to ho still more uncongenial to the 
Mohammedan temper of thought; yet one remark- 
a1)le sceptic witli regard to philosoidiy can bo pointed 
out among the Saracen writers. This is Algazel, or 
Algezeli, wlio Avas a celebrated teaclier at Bagdad in 
the eh'A'ontli century, an<l Avho declared himself the 
enemy, not only of tlie mixed jierijiatetic and Pla- 
tonic ])hilosopliy of his time, Imt of Aristotle him- 
self. Ilis Avork, entitled “ The Destructions of the 
Philosophers,” is knoAvn to us by the refutation of 
it Avhich Avicenna ]>ublished, under the title of 
‘‘ Destruction of Algazel’s Destructions of the Phi- 
losophers\” It appears that he contested the funda- 
mental princi])les of the Platonic and Aristotelian 
schools, and denied the possibility of a knoAATi con- 
nexion betAA^ecn cause and effect; tlius making a 
])relude to the celebrated argumentation of Ilume. 


* Dogeraado, TIist. Comp, ilos tSyst. iv. 124. 



In Ills nvrk "On tho Ophmmoftho Philosophy,,. 
eXiimcd those (f inions in particular }yl,ich jvh- 

to the principles of the physical sciouces. Wo c.w. 
not doubt that his objections, so hiv as they attacked 
tho rcally-establishod truths of astronomy and other 
sciences, Jiiiist have iin[)Iietl confusion of apprehen- 
fiion botlv in lum ami iu those whom he persuaded. 

6. Neglect of Plnjsical Iteusonhig in Christendom . — 

If tlic Arabians, wlio, during the ages of which we 
are speaking, were the most eminent cultivators of 
science, entertained only such com]>aratively feeble 
and servile notions of its doctrines, it will easily be 
su))posed, that in the Christendom of that period, 
where jihysical knowledge was comparatively neg- 
lected, there was still less distiuctness and vividness 
in the jirevalent ideas on such subjects. Indeed, 
during a considerable period of the history of the 
Christian cluirch, and by many of its principal autho- 
rities, the study of natural j)hilosophy was not only 
disregarded hut discommended. The great practical 
doctrines which were presented to men’s minds, and 
the serious tasks, of the regulation of tlio will and 
affections, which religion impressed upon them, 
made inquiries of mere curiosity seem to he a repre- 
hensihlo misapplication of Imman powore ; and many 
of the fathers of the church revived, in a still more 
peremptory form, the opinion of Soci-ates, that the 
only valuable jthilosophy is that wliich teaches us 
our moral duties and religious Impes’. Thus Euse- 

Bruckcr iii. 317- 
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bins says-. “ It is not tlitongU ignorance of the thin;? 
admired liy them, but through contempt of their 
useless labour, that we think little of these matters, 
tiij'iiing our souls to the exercise of better things.” 
When the tlioughts were thus intentionally averted 
from those ideas wliich natural philosophy involves, 
the ideas inevitably became very indistinct in tlieir 
minds ; and they could not conceive that any other 
persons could find, on such subjects, grounds of clear 
conviction and certainty. They held the whole of 
their philosophy to be, as Lactantiiis’^ asserts it to be, 
empty and false.” To search,” says he, “ for the 
causes of natural things ; to inquire wliether the 
sun be as large as he seems, whether the moon is 
convex or concave, whether the stars are fixed in the 
sky or float freely in the air ; of what size and of what 
material are the heavens ; whetber they be at rest or 
in motion ; what is the magnitude of the earth ; on 
what foundations it is suspended and balanced ; — to 
dispute and conjecture on such matters, is just as if 
we chose to discuss what we think of a city in a 
remote countrv, of which we never heard but the 
name.” It is impossible to express more forcibly 
that absence of any definite notions on physical sub- 
jects which led to this tone of thought. 

7. Question of Antipodes , — With such habits of 
thought, we are not to be surprised if the relations 
resulting from the best established theories were 


® Praip. Ev. XV. (11. 


1. iii. iuit. 
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apprehenilecl in an and incongi'uous man- 

ner. Wc have some remarkable examj»les of this ; 
and a very noted one, in tlie celcl)ratcd question of 
the existence of Antipodes, or persons inhabiting; the 
opposite side of the globe of the earth, and conse- 
quently having the soles of their feet directly oj)- 
posed to ours. The doctrine of the globular form 
of the eai’tli results, as we have seen, by a geome- 
trical necessityj from a clear conception of the vari- 
ous points of knowledge uhich we obtain, bearing 
upon that subject ; this doctrine was held distinctly 
by the Greeks ; it Avas adf>pted by all astronomers, 
Arabian and European, Avho folloAved them; and 
was, in fact, an inevitable })art of every system of 
astronomy which gave a possible and intcdligible 
representation of ])henoinena. But those who did 
not call before their minds any distinct rejn-esenta- 
tion at alt, and A\ho referred the Avhole question to 
other relations than those of s])ace, might still deny 
this doctrine ; and they did so. The existence of 
inhabitants on the o])posite side of the terraqueous 
globe, AA’as a fact of AAhich exjierionce alone could 
teach the truth or fixlsehood ; but the religious rela- 
tions, AA'hich extend alike to all mankind, AA'ero sup- 
posed to give tlie Christian jdiilosojdier grounds for 
deciding against the possibility of such a race of 
men. Lactantius'’ in the fourth century, argues this 
matter, in a AAay very illustrative of that impatience 


“ 1. ili. 23. 
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of such speculations, and consequent confusion of 
thought which we have mentioned. “ Is it possible,” 
he says, “ that men can be so absurd as to believe 
that the crops and trees on the other side of the 
earth hang downM'ards, and that men there have 
their feet higher than their heads? If you ask of 
them how they defend these monstrosities? — ^liow 
things do not fall aAvay from the earth on that side ? 
they ro2)ly, that the nature of things is such that 
heavy bodies tend towanls the centre, like the spokes 
of a wheel, while light bodies, as clouds, smoke, fire, 
tend from the centre towards the heavens on all 
sides. Now I am really at a loss Avhat to say of 
those who, when they have once gone wrong, steadily 
persevere in their folly, and defend one absurd o])!- 
nion by another.” It is obvious that so long as the 
writer refused to admit into his thoughts the funda- 
mental concejitioii of their theory, he must needs be 
at a loss what to say to their arguments, without 
being on that account in any degree convinced of 
their doctrines. In the sixth century, indeed, in the 
reign of Justinian, we find a Avriter (Cosmas Indico- 
pleustes") Avho does not rest in this obscurity of 
re 2 )resentation ; but in this case, the distinctness of 
his jiictures only sei’ACS to shoAA’ his AAant of any 
clear conception as to what su]>positions Avould ex- 
jjlain the jdienoniena. lie describes the earth as an 

“ Montfaucon, Collootio Xova Pafruiii, t. ii. p. 11.3. Cosmas 
Indicopleiistes. Clnistiuaorum Opiuloiics ilc Muiulo, give To- 
pograpliia Christiana. 
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oblong- floor, surrounded by upright walls, and 
covered by a vaidt, below which the heavenly bodies 
perforin their revolutions, going round a certain high 
mountain, which occupies the northern parts of the 
earth, and makes night by intercepting the light of 
the sun. In Augustin'" (who flourished a.d. 400) the 
opinion is treated on other grounds ; and without de- 
nying the globular form of the earth, it is asserted that 
there are no inhabitants on the opjiosite side, because 
no such race is recorded by Scri]>ture among the de- 
scendants of Adam. Considerations of the same 
kind ojierated in the well-known instance of Virgil, 
bishop of Salzburg, in the eighth century. When 
he was reported to Boniface, archbishop of Mentz, 
as holding the existence of Antipodes, the prelate 
Avas shocked at the assumjition, as it seemed to him, 
of a Avorld of human beings, out of the reach of the 
conditions of salvation; and application was made 
to Pope Zachary for a censure of the holder of this 
dangerous doctrine. It does not however ajipear 
that this led to any severity; and the story of the 
deposition of Virgil from his bishojiric, Avhich is 
circulated by Kepler and by more modern writers, 
is undoubtedly altogether false. 'I’he same scruples 
continued to prevail among Christian Avriters to a 
later period; andTostatus" notes the ojdniou of the 
rotundity of the earth as an nnsafe doctrine, only a 
few years before Cbliunbus visited the other hemi- 
sphere. 

Civ. 1>. xvi. !>. 


JMoiitfauc. Piitr. t. ii. 
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8. Intellectual Condition of the Religious Order's.— 
It must be recollected, however, that though these 
were the views and tenets of many religious writers, 
and though they may be taken as indications of the 
prevalent and characteristic temper of the times of 
which we speak, they never were universal. Such 
a confusion of thought affects the minds of many 
persons, even in the most enlightened times ; and in 
what we call the dark ages, though clear views on such 
subjects might be more rare, those who gave their 
minds to science, entertained the true opinion of the 
figure of the earth. Thus Boethius'* (in the sixth 
century) urges the smallness of the globe of the 
earth, compared with the heavens, as a reason to 
repress our love of glory. This work, it will be 
recollected, was translated into the Anglo-Saxon by 
our own Alfred. It was also commented on by 
Bede, who, in what he says on this passage, assents 
to the doctrine, and shows an acquaintance with 
Ptolemy anti his commentators, both Arabian and 
Greek. Gerbert, in the tenth century, went from 
France to Spain to study astronomy with the Ara- 
bians, and soon surpassed his masters. lie is re- 
poi-ted to have fabricated clocks, and an astrolabe of 
peculiar construction. Gerbert afterwards, (in the 
last year of the first thousand from the birth of 
' Christ,) became pope, by the name of Sylvester II. 
Among other cultivators of the sciences, some of 


VOL. I. 


** Boethius, Cons. ii. i)r. 7* 
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whom, from their proficiency, must have possessed 
with considerable clearness and steadiness the ele- 
mentary ideas on which it depends, we may here 
mention, after Montucla”, Adelbold, whose work 
On the S 2 ihere was addressed to Pope Sylvester, 
and whose geometrical reasonings are, according to 
Montucla'S vague and chimerical; Hermann Con- 
tractus, a monk of St. Gall, who, in 1050, published 
astronomical works; William of Hirsaugen, who 
followed this example in 1080 ; Robert of Lorraine, 
who was made Bishop of Hereford by William the 
Conqueror, in consequence of his astronomical know- 
ledge. In the next century, Adelhard Goth, an 
Englishman, travelled among the Arabs for pur- 
poses of study, as Gerbert had done in the preceding 
age; and on his return, translated the Elements 
of Euclid, which he had brought from Spain or 
Egypt. Robert Grostete, Bishoji of Lincoln, was 
the author of an epitome on the Sphere ; Roger 
Bacon, in his youth the contemporary of Robert 
and his brother Adam Marsh, i)raises very highly 
their knoAvledge in mathematics. 

“And here,” says the French historian of mathe- 
matics, whom I have followed in the preceding rela- 
tion, “ it is impossible not to reflect that all those men 
who, if they did not augment the treasure of the 
sciences, at least served to transmit it, were monks, or 
had been such originally. Convents were, during 


” Mont. i. 502. 
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these stormy ages, the asylum of sciences and letters. 
Without these religious men, who, in the silence of 
their monasteries, occupied themselves in trans- 
cribing, in studying, and in imitating the works of 
the ancients, Avell or ill, those works would have 
perished ; perhaps not one of them would have come 
down to us. The tliread which connects us with 
the Greeks and Romans would have been snapt 
asunder ; the ])recioiis productions of ancient litera- 
ture would no more exist for us, than the works, if 
there were any, published before the catastrophe 
which annihilated that highly scientific nation, 
which, according to Bailly, existed in I’emotc ages 
in the centre of Tartary, or at the roots of Cau- 
casus. In the sciences we should have had all to 
create ; and at the moment when the human mind 
should have emerged from its stupor and shaken off 
its slumbers, Ave should have been no more advanced 
than the Greeks were after the taking of Troy.” 
lie adds, that this consideration inspires feelings 
toAvards the religions orders very different from those 
Avhich, Avhen ho Avrote, AA'erc prevalent among his 
countrymen. 

Except so far as their religious opinions inter- 
fered, it Avas natural that men avIio lived a life of 
quiet and study, and AAore necessarily in a great 
hieasuro removed from the absorbing and blinding 
interests Avith Avhich practical life occupies the 
thoughts, should cidtivate science more successfully 
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than others, precisely because their ideas on specu- 
lative subjects had time and opportunity to become 
clear and steady. The studies which were cultivated 
under the name of the Seven Liberal Arts neces- 
sarily tended to favour this effect. The Trm'um’^, 
indeed, which consisted of Grammar, Logic, and 
Rhetoric, had no direct bearing upon those ideas 
with Avhich physical science is conccined ; but the 
Qmdrivimn, Music, x\rithmetic, Geometry, Astro- 
nomy, could not be pursued with any attention, 
Avithout a corresjAonding iin]>rovement of the mind 
for jnirposes of sound knoAvledgo 

9. Popular Opiniojis. — ^That, even in the best in- 
tellects, something aa'us AA'anting to fit them for 
scientific progress and discovery, is obvious from 
the fact that science aaus so long absolutely sta- 
tionary. And I have endeavoured to sIioav that one 
part of this deficiency AAas the requisite clearness 
and A'igour of the fundamental scientific ideas. If 
these Avere Avanting, even in the most jiOAverful and 
most cultivated minds, Ave may easily conceive that 
still greater confusion and obscurity prevailed in the 
common class of mankind. They actually adopted 

'* Bruck. iii. 

Roger Bacon, in his Specula itratheniatie!i, cap. i., says, 
“ Ilanim scientiaruni porta et clavis ost mathematica, quain 
sancti a principio niundi invencrunt, etc. Ciijus negligentiii 
jam j)er Irighila vel (juadraginla aiiitos destruxit totuin 
studium Latinoruni.” I do not know on what occasion thi.s 
neglect took place. 
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the belief, however crude and inconsistent, that the 
form of the earth and heavens really is what at any 
place it appears to be ; that the earth is flat, and the 
waters of the sky sustained above a material floor, 
through which in showers they descend. Yet the 
true doctrines of astronomy appear to have had 
some popular circulation. For instance, a French 
poem of the time of Jidward the Second, “ called 
“ Ymago du Monde,” contains a metrical account of 
the earth and heavens, according to the Ptolemaic 
views ; and in a manuscript of this poem, preserved 
in the library of the University of Cambridge, there 
are representations, in accordance with the text, of 
a sj)herical eartli, Avith men standing upright upon 
it on every side: and by Avay of illustrating the 
tendency of all things to the centre, perforations of 
the earth, entirely through its mass, are described 
and depicted; and figures are exhibited dropping 
balls doAvn each of these holes, so as to meet in the 
interior. And, as bearing upon the perplexity 
which attends the motions of up and iloivn, when 
ap])]icd to the globular earth, and the change of the 
direction of gravity which Avould occur in ])assing 
the centre, the readers of Dante Avill recollect the 
extraordinary manner in which tlie poet and his 
guide emerge from the bottom of the abyss ; and the 
' explanation Avhich Virgil imparts to him of Avhat he 
there sees. After they have crept through the aper- 
ture in Avhich Lucifer is placed, the poet says, 
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lo levai gli occlii e credetti vedcrc 
Lucifero com* io 1* area lasciato, 

E vidili le gambe in su tciierc. 

“ Questi come c fitto 

Ei sottasopra?* .... 

“ Quando mi volsi, tu passast* il punto 
A1 qual si traggoii d* ogiii parte i pcsi.” 

Inferno^ xxxiv. 


I raised mine eyes, 

Believing that I Lucifer should see 
Wliere he was lately left, but saw him now 

With legs held upward 

“ How standeth he in posture thus reversed T 

Thou wast on the other side so long as I 
Descended ; Avhen I turned, thou didst o*erpass 
That point to which from every part is dragged 
All heavy substance.” 

Cauy. 

This is more j)ljilosopliical than JMilton’s rej)re- 
scntatioii, in a more scientific age, of Uriel sliding 
to the earth on a sim-beam, and sliding buck again 
when the sun had sunk below the horizon. 

Uriel to his charge 

lleturned on that bright beam whose point now raised. 
Bore him slope downward to the sun, now fallen 
Beneath the i\zore.s. 

r. L. b. iv. 


The philosophical notions of up and down are too 
much at variance, with the obvious suggestions of 
our senses, to be held steadily and justly by minds 
undisciplined in science. Perhaps it was some mis- 
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umlcrstood statement of the curved surface of the 
oceau, Avhich gave rise to the tradition of there 
being a part of the sea directly over the earth, from 
Avhich at times an object has been known to fall, or 
an anchor to bo let down. Even such whimsical 
fiincies arc not without instruction, and may serve to 
show the reader what that vagueness and obscurity 
of ideas is, of which I have been endeavouring to 
trace the prevalence in the dark ages. 

Wo now proceed to another of the features which 
apiiears to me to mark, in a very prominent manner, 
the character of the stationary period. 
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CIIAPTEE II. 

The Commentatorial Spirit of the 
Middle Ages. 

We have already noticed, that, after the first great 
achievements of the founders of sound speculation, 
in the different departments of human knowledge, 
had attracted the interest and admiration which 
those who became acquainted with them could not 
but give to them, thei’e appeared a disposition among 
men to lean on the authority of some of these 
teachers ; — to study the opinions of others as the only 
mode of forming their own ; — to read nature through 
books ; — to attend to what liad been already thought 
and said, rather than to what really is and happens. 
This tendency of men’s minds requires our particular 
consideration. Its manifestations wore very im- 
portant, and highly characteristic of the stationary 
period ; it gave, in a great degree, a peculiar bias 
and direction to the intellectual activity of many 
centuries ; and the kind of labour with which specu- 
lative men were occupied in consequence of this bias, 
took the ])lace of that examination of realities which 
must be their employment, in order that real know- 
ledge may make any decided progress. 

In some subjects, indeed, as, for instance, in the 
domains of morals, poetry, and the arts which aim 
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at beauty, this opposition between the study of 
former opinion and present reality, may not be so 
distinct ; inasmuch as it may be said by some, that, 
in these subjects, opinions are realities; that the 
thoughts and feelings which prevail in men’s minds 
are the material of our workmanship, the particulars 
from which we arc to generalize, the instruments 
w'hich we are to use ; and that, therefore, to reject 
the study of antiquity, or even its authority, would 
be to show ourselves ignorant of the extent and 
mutual bearing of the elements with which we have 
to deal ; — iwould be to cut asunder that which we 
ought to unite into a vital whole. Yet even in the 
provinces of Iiistory and poetry, the poverty and 
servility of men’s minds during the middle ages, are 
shown by indications so strong as to be truly re- 
markable ; for instance, in the efforts of the anti- 
quarians of almost every European country to assi- 
milate the eaidy history of their own state to the 
poet’s account of the foundation of Rome, by bringing 
from the sack of Troy, Brutus to England, Bavo 
to Flanders, and so on. But however this may be, 
our first business at present is, to trace the varying 
spirit of the physical philosophy of different ages ; 
trusting that, hereafter, this prefatory study will 
enable us to throw some light iqjon the other 2)arts 
of philosophy. And in physics the case undoubt- 
edly was, that the labour of observation, which is 
one of the two great elements of the progress of 
knowledge, was in a great measure superseded by 
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the collection, the analysis, the ex})lanation, of pre- 
A'ious authors and opinions; experimenters were 
replaced by commentators ; criticism took the place 
of induction; and instead of great discoverers we 
had learned men. 

1. Natural Bias to Autlm'ity . — It is very easy to 
sec that, in such a bias of men’s studies, there is 
something very natural ; however strained and tech- 
nical this erudition may have been, at least the 
2 )ropensities on which it dej)ends are very general, 
and are easily seen. Deference to the authority of 
thoughtful and sagacious men, a disposition which 
we neither reject nor think ue ought to reject, in 
practical matters, naturally clings to us, even in 
speculation. It is a satisfaction to us to sui^poso 
that there are, or have been, minds of transcendent 
powers, of wide and wise views, superior to the 
common errors and blindnesses of our nature. The 
pleasure of admiration, and the repose of confidence, 
are inducements to such a belief. There are also other 
reasons why we willingly lieiievc that there are in 
jihilosojihy great teachers, so profound and sagacious, 
that, in order to arrive at truth, we have only to learn 
their thoughts, to understand their writings. There 
is a peculiar iutei’est which men feel iu dealing uith 
the thoughts of their fellow-men, rather than with 
brute matter. Matter feels and excites no sympa- 
thies ; in seeking for mere laws of nature, there is 
nothing of mental intercourse with the groat spirits 
of the past, as there is in studying Aristotle or Plato. 
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Moreover, a large portion of this employment is of 
a kind the most agreeable to most speculative 
minds, consisting in tmcing the consequences of 
assumed principles : it is deductive like geometry ; 
and the principles of the teachers being known, and 
being undisputed, the deduction and ajqdication of 
their results is an obvious, self-satisfying, and inex- 
haustible exei’cise of ingenuity. 

These causes, and probably others, make criticism 
and commentation flourish, when invention begins 
to fail, opi)ressod and bewildei’ed by the acquisitions 
it has already made ; and when the vigour and hope 
of men’s minds are enfeebled by civil and ^lolitical 
changes. Accordingly', the Alexandrian school was 
eminently characterized by a spirit of cradition, of 
literai-y criticism, of interpretation, of imitation. 
These in-actices, which reigned first in their full 
vigour in the IMuseum, are likely to be, at all times, 
the leading ])ropensities of similar academical insti- 
tutions. 

flow natui’al it is to select a gi’oat writer as 
a paramount authority, and to ascribe to him ex- 
traordinary profundity and sagacity, A\e may see, 
in the manner in which the Greeks looked upon 
Homer ; and the fancy which detected in his poems 
traces of the origin of all arts and sciences, has, as 
we know, found favour CA'en in modern times. To 
pass over earlier instances of this feeling, Ave may 


‘ Dogorando. Hist, dcs Sjst. do Philos, iii. p. 134. 
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observe, that Strabo begins his Geography by saying 
that he agrees with Hipparchus, who had declared 
Homer to be the first author of our geographiqal 
knowledge : and ho does not confine the aj)plication 
of this assertion to the various and curious topogra- 
phical infonnation which the Iliad and Odyssey 
contain, concerning the countries surrounding the 
Mediterranean ; but in phrases which, to most per- 
sons, might appear the mere play of a ])oetical fancy, 
or a casual selection of circumstances, he finds unques- 
tionable evidence of a correct knowledge of general 
geograj)hical truths. Thus*, when Homer speaks of 
the sun “rising from the so^ and deep-flowing 
ocean,” of his “ splendid blaze plunging in the ocean;” 
of the northern constellation 

Alone unwashen by the ocean wave 

and of Jupiter “ who goes to the ocean to feast M'ith 
the blameless Ethiopians;” Strabo is satisfied from 
these passages that Homer knew the dry hind to bo 
surrounded with water: and he reasons in like 
manner with respect to other i)oints of geography. 

2. Character of Commentators — The s])irit of 
commentation, as has already been suggested, turns 
to questions of taste, of metaphysics, of morals, with 
far more avidity than to physics. Accordingly, 
critics and grammarians were peculiarly the growth 
of this school ; and, though the commentatoi’S some- 
times chose works of mathematical or physical 


* Strabo, i. p. 5. 
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science foT their subject (as Proclus, who commented 
on Euclid’s Geometry, and Simplicius, on Aris- 
totle’s Physics,) these commentaries were, in fact, 
rather metaphysical than mathematical. It does not 
appear that the commentators have, in any instance, 
illustrated the author by bringing his assertions of 
facts to the test of experiment. Thus, when Sim- 
plicius comments on the i)assage concerning a 
vacuum, which we formerly adduced, he notices the 
argument which went uj)on the' assertion, that a 
vessel full of ashes would contain as much water as 
an cm])ty vessel ; and%e mentions vai-ious opinions 
of different authorS, l)ut no trial of the fact. Eu- 
denius had said, that the ashes contained something 
hot, as quicklime does, and that by means of this, a 
])art of tlie water was evaporated ; others siq>posed 
the Avater to be condensed, and so on^ 

The coniiuentator’s professed object is to explain, 
to enforce, to illustrate. He endeaA-ours to adapt 
the Avork on Avhich he employs himself to the state 
of information and of opinion in his OAvn time ; to 
elucidate obscurities and technicalities; to sujqily 
steps omitted in the reasoning; but he does not 
seek to obtain additional truths or ncAV generaliza- 
tions. He undertakes only to give Avhat is virtually 
contained in his author; to develope, but not to 
create. He is a cultivator of the thoughts of others : 
his labour is not s])ent on a field of liis OAAn ; he 
ploughs but to enrich the granary of another man. 

“ Simplicius, p. 1 70- 



270 rilYSICAL SCIENCE IN THE MIDDLE AGES. 


Thus he does not wox-k as a freeman, but as one 
in a servile condition ; or rather his is a menial, 
and not a productive service : his office is to adorn 
the appearance of his master, not to increase his 
Avealth. 

Yet though the commentator’s employment is 
thus subordinate and dependent, ho is easily led to 
attribute to it the gi’eatest importance and dignity. 
To elucidate good books is, indeed, a useful task ; 
and when those who undertake this work execute 
it well, it Avould bo most unreasonable to find fault 
with them for not doing more. But the critic, long 
and earnestly employed on one author, may easily 
underrate the relative value of other kinds of mental 
exertion. lie may ascribe too large dimensions to 
that which occxijties the Avhole of his own field of 
vision. Thus he may come to consider such study 
as the highest aim, and best evidence of human 
genius. To understand Aristotle, or I’lato, may 
appear to him to comprise all that is possible of 
profundity and acuteness. And Avhen he has 
traA’elled oA'er a j)ortion of their domain, and satisfied 
himself that of this he too is master, he may look 
Avith complacency at the circuit he has made, ami 
speak of it as a labour of vast eft’ort and difficulty. 
AVe may quote, as an expressicni of this temper, 
the Language of Sir Henry Savile, in conclmling 
a course of lectures on Euclid, deliAcred at Oxfoiak. 

‘ Exolvi per Dei gratiam, Domini auditore.s, promissnni ; 
llberavi ficlem incam ; cxplicavi pro meo modulo, delinitioiics, 
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“ By the grace of Gotl, gentlemen hearers, I have 
performed my promise ; I have redeemed my pledge. 
I have explained, according to my ability, the defi- 
nitions, postulates, axioms, and first eight proposi- 
tions of the Elements of Euclid. Here, sinking 
under the weight of years, I lay down my art and 
my instruments.” 

We lierc speak of the peculiar province of the 
commentator ; for undoubtedly, in many instances, 
a comment on a received author has been made the 
vehicle of convoying systems and doctrines entirely 
different from those of the author himself; as, for 
instance, when the New Platonists wrote, taking 
Plato for their text. The labours of learned men 
in the stationary period, Avhich came under this 
descri])tion, belong to another class. 

3. Greek Commentators on Aristotle . — The com- 
mentators or discij)les of the great jdiilosophers did 
not assume at once their servile character. At first 
their object was to supply and correct, as well as to 
explain their teacher. Thus iunong the earlier com- 
mentators of Aristotle, Theophrastus invented five 
moods of syllogism in the first figure, in addition to 
the four invented by Aristotle, and statt'd with 
additional accuracy the rules of hypothetical syllo- 
gisms. He also, not only collected much informa- 
tion concerning animals, and natural events, which 

petitiones, communes scntcnllas, ot octo priorcs pro])ositionos 
Elemontorum Euclidis. llic, minis ^essus, cycles artenique 
repono. 
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Aristotle had omitted, but often differed with his 
master; as, for instance, concerning the saltness of 
the sea : this, which the Stagirite attributed to the 
effect of the evaporation prodneed by the sun’s rays, 
was ascribed by Theoj)hrastus to beds of salt at the 
bottom. Porj)hyry‘, who flourished in the third 
century, wrote a book on the PredicMes, which was 
found to be so suitable a complement to the Predi- 
caments or Categories of Aristotle, that it was usually 
prefixed to that treatise ; and the two have been used 
as an elementary work togetlier, uj) to modern times. 
The Predicables are the five steps which the gradations 
of generality and particularity introduce; — genus, 
species, difference, indicidml, accident; — the Categories 
are the ten heads under which assertions or predi- 
cations may be arranged ; — namely, substance, quan- 
tity, relatioh, quality, place, time, position, habit, action, 
passion. 

At a later period, the Aristotelian commentators 
became more servile, and followed the author step 
by step, explaining, according to their views, his 
expressions and doctrines; often, indeed, Avitli ex- 
treme prolixity, expanding his clauses into sentences, 
and his sentences into paragraphs. Alexander 
Aphrodisiensis, who lived at the end of the second 
century, is of this class ; “ sometimes useful,” as one 
of the recent editors of Aristotle says”; “but by the 
prolixity of his interpretation, by his perverse itch 


® Bulilc, Arist. i. 284. 


« Buhle, i. 288. 
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for liimself discussing tlie argument expounded by 
Aristotle, for defending his opinions, and for refuting 
or reconciling those of others, he rather obscures 
than enlightens.” At various times, also, some of 
the commentators, and especially those of the Alex- 
andrian school, endeavoured to reconcile', or combined 
Avithout reconciling, oj>})osing doctrines of the groat 
jdulosophcrs of the earlier times. Simplicius, for 
instance, and, indeed, a great number of the Alex- 
andrian philosophers^, as Alexander, Ammonius, and 
others, employed themselves in the futile? task of 
reconciling the doctrines of the Pythagoreans, of the 
bheatics, of Plate), and of tlie Ste)ics, M’ith those of 
Aristotle. Boethius‘S entertaiiieel the design of 
translating into Latin the vhede of Aristotle’s and 
Plato's we)rks, and of showing their agreement; a 
gigantic plan, Mhich he never executed. Others 
e*mple)yeel thenise^lves in disentangling the confusion 
which such attempts produced, as John the Gramma- 
rian, surnameMl Phile)pe)nus, “the labour-le)ving;” whe), 
towards the end of the seventh centiny, maintained 
tliat Aristotle was entirely misunderstood by Por- 
])hyry and Proclus\ who had pretended to incorporate 
his doctrines into those of the New Platonic school, or 
even to reconcile him with Plato himself on the subject 
()f ideas. Others, again, Avrote epitomes, coinjamnds, 
abstracts; and endeavoured to throw the? Avorks 
of the philosopher into some simpler and more 

^ Ikihlo, i. 311. “ lK‘«;orau(lo. llisf. vhs KSy^t. iv. 1(10, 

“ 11). iv. L’iih 

VOL. I, T 
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obviously regular form, as John of Damascus, in the 
middle of the eighth century, who made abstracts of 
some of Aristotle’s works, and introduced the study 
of the author into theological education. These two 
writers lived under the jmtronagc of the Arabs ; the 
former Avas favoured by Amrou, the conqueror of 
Egypt ; the latter was at first secretary to the Caliph, 
but afterwards withdrew to a monastery'". 

At this period the Arabs became the fosterers and 
patrons of })hiloso])hy rather than the Greeks. Jus- 
tinian had, by an edict, closed the school of Athens, 
the last of the schools of heathen philosophy. Leo, 
the Isaurian, who Avas a zealous Iconoclast, abolished 
also the schools Avhere general knoAvledge had been 
taught, in combination Avith Christianity"; yet the 
line of the Aristotelian commentators Avas continued, 
though feebly, to the later ages of the Greek empire. 
Anna Comnena mentions a Eustratus Avho em- 
ployed himself in)on the dialectic and moral treatises, 
and Avhom she does not hesitate to elevate above 
the Stoics and Platonists, for his talent in jdiiloso- 
])hioal discussions. Nicephorus lilemmydes Avrote 
logical and ])hysical (“]*itomes for the use of .John 
Ducas; George Pachymmis comjatsed an epitf)mo 
of the ])hiloso])hy of Aristotle, and a com])end of 
his logic : Th(.‘odore hletochytes, Avho aa’us famous in 
his time alike for his eloquence and his Jearning, 
has left a paraphrase of the books of Aristotle on 


Deg. iv. ir>0. 


" Ib. iv. 103 


'Ub. 167. 
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PhyRics, on tlio Soul, the Heavens &c. Fahvicius 
states that tliis Avriter lias a chapter, the object of 
which is to jn-ove, that all philosophers, and Aristotle 
and Plato in particular, have disdained the authority 
of their predecessors. He could hardly help re- 
marking, in how different a spirit philosophy had 
been pursued since their time. 

3. Grech Commentators of Plato and others , — I 
have s])oken ])rincipally of the coinmentators of 
Aristotle, for he was the great subject of the com- 
mentators proj)er ; and though the name of his rival, 
Plato, was graced by a list of attendants hardly less 
numerous, these, the Neoplatonists, as they are 
called, had introduced new elements into the doc- 
trines of their nominal master, to such an extent 
that they must be placed in a different class. AVo 
niny observe here liowever, how, in this school as 
in the Peripatetic, tlie race of commentators multi- 
plied itsc'lf. Porphyry, Avho commented on Aristotle, 
Avas comnienti‘d on byAmmonius; Plotinus’s Kn- 
neads Avere connnented on by Proclus and Dexip])us. 
Psellus'" the older Avas a ])ara])hrast of Aristotle; 
Psellus the younger, in the eleventh century, at- 
tempted to restore the NeAv Platonic school. The 
former of tliese tAvo Avriters had for his jnipils tAV’o 
* men, llie em])eror Leo, surnamed the Philoso])her, 
and Photius the patriarch, avIio exerted themselACS 
to restore the study of literature at Constantinople. 

Ib. iv. Kiff 


Dog. iv. Kih. 


T ^ 
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We still possess the Col lection of Extracts of Photius, 
which, like that of Stobajus and others, shows the 
tendency of the age to compilation, abstracts, and 
epitomes, — the extinction of })hilosophical vitality. 

4. Arabian Commentators of Aristotle . — ^The reader 
might perhaps have exjiected, that when the jihilo- 
sophy of the Greeks was carried among a new race 
of intellects, of a different national character and 
condition, the chain of this servile tradition would 
have been broken ; that some new tlioughts would 
haA-e started forth ; that some new direction, some 
now impulse, would have been given to the search 
for truth. It might have been anticipated that A\e 
should have had schools among the Arabians which 
should rival the Peripatetic, Academic and Stoic 
among the Greeks ; — that they wouhl preoccujiy the 
ground on Avhich Copernicus and Galileo, Lavoisier 
and Linnajus, won their fame ; — that they would 
make the next great steps in the progressive sciences. 
Nothing of this, however, happened. The Arabians 
cannot claim, in science or jthilosojdiy, any really 
great names; they produced no men and no dis- 
coveries which have materially iufliumced the course 
and destinies of human knowledge ; they tamely 
adopted the intellectual servitude of the nation 
Avhich they conquered by their arms ; they joiiusl 
themselves at once to the string of slaves Avho were 
dragging the car of Aristotle and Plotinus. Nor, 
perhaps, on a little further reflection, shall we be 
sur])rised at this want of vigour and productive 
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power, in this period of apparent natural youth. 
The Arabs had not been duly prcjiared rightly to 
enjoy and use the treasures of which they thus 
heeaine 2>ossessed. They had, like most uncivilized 
nations, been jiassionately fond of their indigenous 
])oetry; tlieir imagination had been awakened, but 
their rational jiowers and sjieculative tendencies 
were still tor2)id. They received the Greek jihilo-. 
so^iliy without having jjassed through those grada- 
tions of ardent curiosity and keen research, of ob- 
scurity brightening into clearness, of doubt succeeded 
by the joy of discovery, by which the Greeks had 
had their minds eidarged and exercised. Nor had 
the Araljs ever enjoyed, as the Greeks had, the in- 
dividual consciousness, the independent volition, the 
intellectual freedom, arising from the freedom of poli- 
tical institutions. They had not felt the contagious 
mental activity of a small city ; the elation arising 
from the general sympathy in an admiration of siiecu- 
lative pursuits dillused through an intelligent and 
acute audience ; in short, they had not had a national 
education such as fitted them to be diseijiles of Plato 
and Hijiparchus. Hence, their new literary wealth 
rather encumbered and enslaved, than enriched and 
strengthened them : in their want of taste for intel- 
lectual freedom, they were glad to give themselves 
up to the guidance of Aristotle and otlier dogmatists. 
Their militaiy habits liad accustomed them to look 
to a leader ; thc'ir i-everenc(} for the book of their 
law had })rcpared them to accept a jdiilosojdiical 
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Koran also. Thus the Arabians, tliough they never 
translated the Greek jioetry, translated, and merely 
translated, the Greek philosophy; tlu^y followed the 
Greek philosojdiers without deviation, or, at least, 
Avithont any })hilosophieal deviations. They became 
for the most part Aristotelians ; — studied not only 
Aristotle, but the commentators of Aristotle; and 
themselves swelled the A^ast and unjiroiitable herd. 

The philosophical AA orks of Aristotle had, in some 
measure, made their Avay in the east, l)eforo the 
groAvth of the Saracen poAN er. In the sixth century, 
a Syrian, Uranus’", encouraged by the love of jiliilo- 
so])hy manifested by Cosroes, had translated some 
of the Avritings of the Stagirite; about the same 
time, Sergius had given some translations in ^^yria(^ 
In the seventh century, Jacol) of I'ah'ssa translated 
into this language the Dialectics, and a<I(le(l Notes to 
the Avork. Such labours became numerous; and 
the first Arabic translations of Aristotle Averc' formed 
upon these Persian or Syriac texts ; in this succession 
of transfusions, some mistakes must inevitably have 
been introduced. 

The Arabian interpreters of AristotU', like a large 
portion of the Alexandrian ones, gave to the jdiilo- 
sopher a tinge of ojiinions borrowed from anothei- 
source, Avhich I shall have to speak of umhu’ tin* 
name of mysticism. But they are, for the most 
])art, sufficiently strong examples of the peculiar 
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spirit of commentation, to make it fitting’ to notice 
them here. At the liead of them stands Alkindi, 
who ajipears to have lived at tlie court of Almanion, 
and who wrote commentaries on tlio Organon of 
Aristotle. But AKarabi was the glory of the school 
of Bagdad; his hnowlcdgc included mathematics, 
astronomy, nie<licino and jdiilosophy. Born in an 
(devated rank, and ])ossessed of a rich patrimony, ho 
led an austere life, and devoted himself altogether 
to study and meditation. lie em])loyed himself 
])articularly in unfolding the import of Aristotle’s 
treatise on the Soul. Avicenna‘S (Elin Sina) was at 
once the Hippocrates and the Aristotle^ of the Ara- 
bians; and certainly the most extraordinary man 
that the nation produced. In tlie course of an un- 
fortunate and stormy life, occuj>ied 1)y politics and 
bv pleasures, lie produced works which were long 
revered as a sort of code of science. In particular, 
his Avritings on medicine, though they contain little 
besides a com [)ilatioii of ilijipocrates and ( ialen, took 
the place of both, cA^en in the uniATrsitii^s of imrojio ; 
and Avere studied as models at Paris and jMontpellier, 
till the end of the soAxuiteenth century, at Avhich 
period they fell into an almost complete oblivion. 
Avicenna is conceived, by some modern Avriters”’, to 
liave shoAvn some power of original thinking in his 
representations of the Aristotelian Logic and ^leta- 
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pliysics. Averroes (Ebn Roslid) of Cordova, was 
the most illustrious of the Spanish Aristotelians, and 
became the guide of the schoolmen being placed 
by them on a level with Aristotle himself, or above 
him. lie translated Aristotle from the first Syriac 
version, not being able to read the Greek text. lie 
as2)ircd to, and retained for centuries, the title of 
the Commentator ; and he deserves this title by the 
servility Avith which he maintains that Aristotle 
carried the sciences to the highest ])ossible degree, 
measured their Avhole extent, and fixed their ulti- 
mate and permanent boundaries ; although his works 
are conceived to exhibit a trace of the New Plato- 
nism. Some of his Avritings arc directed against 
an Arabian sceptic, of the name of Algazel, Avhom 
Ave have already noticed. 

When the schoolmen had adopted the su])remacy 
of Aristotle to the extent in Avhich A verroes main- 
tained it, their philosophy went further than a 
system of mere commentation, and became a system 
of dogmatism ; Ave must, therefore, in another chap- 
ter, say a fcAV Avords more of the Aristotelians in 
this })oint of aIcav, before avc proceed to the revival 
of science ; but Ave must previously consider some 
other features in the character of the Stationary 
Period. 


Dog. iv. 247 . Averroes died A. j>. 1206. 
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CHAPTER HI. 

Of the Mysticism of the Middle Ages. 

It has been already several times hinted, that a new 
and peculiar element was introduced into the Gi’cek 
philosophy which occupied the attention of the 
Alexandrian school ; and that this element tinged a 
large portion of tlie speculations of succeeding ages. 
We may s])eak of thisjieculiar element as mysticism ; 
for, from the notion usually conveyed by this term, 
the reader will easily apprehend the general cha- 
racter of the tendency now spoken of; and csi)e- 
cially when ho sees its effect pointed out in various 
subjects. Thus, instead of referring the events of 
the extenial world to space and time, to sensible 
connexion and causation, men attemjited to reduce 
such occurrences under spiritual and supersensual 
relations :uid de])endencies ; they refen-ed them to 
superior intelligences, to theological conditions, to 
jiast and future events in the moral world, to states 
of mind and feelings, to the creatures of an imagi- 
nary mythology or demonology. And thus their 
physical science became magic, their astronomy be- 
came astrology, the study of the composition of 
^)odies became alchemy, mathematics became the 
contemplation of the spiritual relations of number 
and figure, and jihilosophy became theosophy. 



282 PHYSICAL SCIENCE IN THE MIDDLE AGES. 

The examination of this feature in the history of the 
human mind is important for us, in consequence of its 
influence u])oii the employments and tlie thoughts 
of the times now under our notice. This tendency 
materially affected botli men’s sj^eculations and 
tlieir labours in the pursuit of knowledge. By its 
direct oj)eration, it gave rise to the newer Platonic 
philosophy among- the Greeks, and to corresponding 
doctrines among the Arabians ; and by calling into 
a ])roniineiit place astrology, ahdicmy, and magic, it 
long occiq)ied most of the real observers of the 
material world. In this manner it delayed and im- 
peded the progress of true science ; for wo shall see 
reason to believe that human knowledge lost more 
by the ])erversion of men’s minds and the misdirec- 
tion of their efforts, than it gained by any increase of 
zeal arising from the i)eculiar hof)e>s and objects of 
the mystics. 

It is not to our ])nrposc to attempt any general 
view of the progress and fortunes of the various forms 
of mystical philosoj)hy ; but only to exhibit some of 
its characters, in so far as they illustrate those teii- 
de]icies of thought which accom])anied the retrogra- 
dation of inductive science. And of those, the lead- 
ing feature which demands our notice is that already 
alludcHl to; namely, the practice of referring things 
and events, not to clear and <listinct relations, obvi- 
ously a|)plicable to such cases ; — not to general rules 
capable of direct verification ; but to notions vague, 
distant, and vast, which we cannot bring’ into con- 
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tact witli fects, because they belong to a clifterent 
region from the fixcts; as when wc connect natural 
(ivents witli moral or historical causes, or seek spiri- 
tual meanings in the properties of numl}er and 
iigurc. Thus the cliaracter of mysticism is, that it 
reftu’S particulars, not to generalizations homogeneous 
and immediate, but to such as are heterogeneous and 
remote ; to which wc must add, that the ]u-ocess of 
this reference is not a calm act of the intellect, but 
is accompanied with a glow of enthusiastic feeling. 

1. Nc()])l(ttomc Theosophj. — The Newer Pla- 
tonism is the first example of this mystical philo- 
sopiiy Avlii(*h [ shall consider. The main i)oints 
which here recpiire our notice are, the doctrine of an 
intellectual world resulting from the act of the 
Divine Mind, as the only reality; and the aspiration 
after the union of the human soul with this Divine 
iMiiid, as the object of human existence. The 
“ ideas” of Plato were forms of our knoAvledge ; 
l)ut among the Neo[)latonists tluT became really 
existing, indeed the only really existing, objects; 
and the inaccessible scheme of the universe which 
these ideas constitute, wris ottered as the great sub- 
je'ct of philosojdiical contemi>lation. The desire of 
the human mind to ajiproach towards its Creator 
and Preserver, and to o))tain a spiritual access to Him, 
leads to an employment of the thoughts which is well 
Mvorth the notice of the religious ])hiloso])hcr ; but 
such an effort, erven when founded on revelation and 
Avell regulated, is not a means of advance in jdiysics : 
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and when it is the were result of lldtliral Oiliiiu- 
siasm, it may easily obtain such a place in men’s 
minds as to unfit them for the successful prosecution 
of natural philosophy. The temper, therefore, which 
introduces such supernatural communion into the 
general course of its speculations, may he properly 
treated as mystical, and as one of the causes of the 
decline of science in the Stationary Period. The 
Neoplatonic philosophy requires our notice as one 
of the most remarkable forms of this mysticism. 

Though Ammonins Saccas, who flourished at the 
end of the second century, is looked n})on as the 
beginner of the Neoplatonists, his disciple Plo- 
tinus is, in reality, the great founder of the school, 
both by his works, which still remain to us, and by 
the enthusiasm which his character imd manners in- 
spired among his followers. lie lived a lift* of medi- 
tation, gentleness, and self-denial, and died in the 
second year of the reign of Claudius (a. d. 270.) 
His disciple, Porphyry, has given us a Tjife of him, 
from which Ave may see how well Ins habitual man- 
ners Avere suited to make his doctrines impressive. 

Plotinus, the jdiilosopher of our tini(‘,” Porphyry 
tlius begins his biography, a})peared like a person 
ashamed that he Avas in the body. In conse(|uence 
of this disposition, he could not bear to talk con- 
cerning his family, or Ids j)arents, or his country. 
He Avould not alloAv himself to be rej>resentcd by a 
painter or statuaiy ; and once, Avhen Aurelius oi- 
treated him to permit a likeness of 1dm to be taken, 
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he said, ‘ Is it not enough for us to carry this image 
in which nature has enclosed us, but we must also try 
to leave a more durable image of this image, as if it 
were so great a sight V And he retained the same 
temper to the last. When he was dying, he said, 

‘ I am trying to bring the divinity which is in us to 
the divinity which is in the universe.’ ” He was 
looked upon by his successors with extraordinary 
admiration and reverence ; and his disciple Porphyry 
collected from his li]:>s, or from fragmental notes, the 
six Enneads of liis doctrines (that is, i)arts each 
consisting of nine books,) which he arranged and 
annotated. 

We have no difficulty in finding in this remark- 
able work examples of mystical speculation. Besides 
the general tendency of the doctrines, the intelli- 
gible Avorld of realities or essences corresponds to 
the world of sense’ in the classes of thijigs which it 
includes. To the intelligilde world, man’s mind 
ascends, by a triple road which Plotinus figuratively 
calls that of the musician, the lover, the philo- 
sopher". The activity of the huinan soul is identi- 
fied l)y analogy with the motion of the heavens. 

This activity is about a middle point, and thus 
it is circular; but a middle point is not the same in 
body and in the soul ; in that, the middle point is 
local, in this, it is that on which tlu^ rest depends. 
* I’liere is, however, an analogy ; for as in one case, so 
in the other, there must bo a middle point, and as 

’ vi Eimctul iii. 1. * ii E. ii. 2. 
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the sphere revohT>s about its centre, the soul 
revolves about God through its aftections.” 

The conclusion of the work is'*, as might be sup- 
posed, upon the a])proach to, union with, and fruition 
of God. The author refers again to the analogy 
between the movements of the soul and those of 
the heavens. AVe move round him like a choral 
dance; even when we look from him wc revolve 
about him ; av-c do not always look at him, but when 
Ave do, Ave have satisfaction and rest, and the har- 
mony Avhich belongs to that divine movement. In 
this movement, the mind beholds the fountain of 
life, the fountain of mind, the origin of being, the 
cause of good, the root of the soul*.” “There Avill 
be a time Avhen this Aision shall l)e continual ; the 
mind being no more interruj)te<l, nor suftering any 
perturbation from the laxly. A^et that which be- 
holds is not that which is disturbed; and Avhen this 
vision becomes dim, it does not obscure the know- 
ledge Avhich resides in demon.stration, and faith, and 
reasoning; but the vision itself is not reason, but 
greater than reason, and before reason ’.” 

The fifth book of the third Ennead, lias for its 
sulyect the Damion anIiIcIi belongs to each man. It 
is entitled “ Concerning Love;” and the doctrine a|)- 
])ears to be, that the love, or common source of tlx' 
passions which is in each man’s mind, is “ the damiou 
Avhich they say accomjianies each man”.” These 

^ vi Eim. ix. <). 11». 0. 
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(liEinons were, liowever, (at least by later writers,) in- 
vested with a visible aspect and with a ])orsonal cha- 
racter, including a resemblance of human passions and 
motives. It is curious thus to sec an untenable and 
visionary genei-alization falling back into the domain 
of the senses and the fancy, after a vain attempt to 
sup])ort itself in the region of the reason. This ima- 
gination soon produced pretensions to the power of 
making these deemons or genii visible ; and the Trea- 
tise on the JNIysteries of the Egyptians, which is attri- 
buted to Iambi ichus, gives an account of the secret 
ceremonies, the mysterious words, the sacrifices and 
ex]iiations, by which this was to bo done. 

It is unnecessary for ns to dwell on the progress 
of this school; to ])oint out the growth of the 
theurgy Avhich thus arose; or to describe the at- 
tempts to claim a high anticpiity for this system, 
an<l to make Orpheus, the poet, the first promulgator 
of its doctrines. The system, like all mystical sys- 
tems, assumed the character rather of a religion than 
of a theory. The opinions of its disciples materially 
influenced their lives. It gave the world the sj)ec- 
tacle of an austere morality, a devotional exaltation, 
combined with the grossest superstitions of Paganism. 
The successors of Jamblichus a])]>cared rather to 
hold a ])riesthood, than the chair of a ])hiloso- 
phical school". 1'hey Avere j)ersccuted by Constan- 
tine and Constantins, as opponents of Christianity. 


^ Dog. Hi. 407- 



PHYSICAL SCmCKINrJlBMlw/JJAom 

Sopater, a* Syrian philosopher of this school, was 
beheaded by the former emperor, on a charge that 
ho had bound the Avinds by the jmwer of magic®. 
But Julian, Avho shortly after succeeded to the 
purple, embraced Avith ardour the opinions of lam- 
blichus. Proclus (avIio died a. d. 487,) Avas one of the 
greatest of the teachers of this school®; and Avas, 
both in his life and doctrines, a AAorthy successor of 
Plotinus, Por])hyry, and lamblichus. We })ossess a 
biography, or rather a ])anegyric of him, by his dis- 
ciple Mariiius, in Avliich he is exhibited as a repre- 
sentation of the ideal perfection of the philosophic 
character, according to the aIcavs of the Neo])la- 
tonists. Ilis Aurtues are arranged as ])hysical, 
moral, purificatory, theoretic, and tlieurgic. Even 
in his boyhood, A])ollo and Minerva visited him in 
his dreams : he studied oratory at Alexandria, but it 
Avas at Athens that Plutarch and Lysianus initiated 
him in the mysteries of the Ncav Platonists. lie 
receiA^ed a kind of consecration at tlie hands of the 
daughter of Plutarch, tlie celebrated Asclepigenia, 
who introduced him to the traditions of tlu* Clial- 
deans, and the ])ractices of Jlicurgy ; lie Avas also 
admitted to the mysteries of Eleusis. He became 
celebrated for his knoAvle<lge and ebxiuence ; but 
especially for his skill in the supernatural arts Avhieh 
Avere connected Avith the doctriiuvs of his sect. IK* 
a])])('ars before us rath(*r as a liieropliaiit than a 
philosojdier. A large portion of bis lifij was spent in 

® fubbon, iii. 3u’2. ” 410. 
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evocations, i)urifications, fostings, prayers, hymns, in- 
tercourse with apparitions, and with the gods, and in 
the celebration of the festivals of Paganism, especially 
those which were held in honour of the Mother of the 
Gods. Ilis religious admiration extended to all forms 
of mythology. The philosopher, said he, is not the 
priest of a single religion, but of all the religions in 
the world. Accordingly, he composed hymns in 
honour of all the divinities of Greece, Rome, Egypt, 
Arabia; — ^Christianity alone was excluded from his 
favour. 

2. Mystical Arithmetic . — It is unnecessary further 
to exemplify, from Procliis, the general mystical 
character of the school and time to \\'hich he be- 
longed; but we may notice more specially one of the 
forms of this mysticism, which very frequently offers 
itself to our notice, especially in him ; and which we 
may call mystical arithmetic. Like all the kinds of 
mysticism, this consists in the attempt to connect 
our conceptions of external objects by general and 
ina])])ropriate notions of goodness, perfection, and 
relation to the divine essence and government; in- 
stead of referring such conceptions to those appro- 
priate ideas, which, by due attention, become per- 
fectly distinct, and capable of being positively a|)- 
idied and verified. The subject which is thus dealt 
with, in the doctrines of which we now speak, is 
iiiunber; a notion which tempts men into these 
visionary speculations more naturally than any 
other. For number is really applicable to moral 

VOL. I. u 
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notions, — to eniotious ami feelings^ and to their ob- 
jects, — as well as to tlie thinos of the material world. 
Moreover, by the discovery of the principle of musical 
concords, it had been found, probably most nnex- 
2 ^ectedly, that numerical relations were closely con- 
noctod with sounds which could hardly be distin- 
guished from the expression of thought and feeling ; 
and a suspicion might easily arise, that the universe, 
both of matter and of thought, might contain many 
general and abstract truths of some analogous kind. 
The relations of number have so wide a bearing, that 
the ram ilicat ions of sucli a suspicion could not easily 
be exhausted, when men were willing to follosv 
them into darkness and vaj^ueness ; whicli it is 
precisc'ly the mystical tendency to do. Accord- 
ingly, tliis kind of speculation a p])ea red very early, 
and showed itself first among the Pythagoreans, 
as we might have ('X])ected, from the attention 
Avhich they gave to the theory of harmony: and 
this, as well as some otlun* of the doctrines of 
the Pythagorean ])hilosophy, Avas ado])ted by the 
later Platouists, and, indeed, by Plato hi in self, whose 
speculations concerning number have decidedly a 
mystical character, Tlie mere matlunnatical jirojior- 
tions of numbers, — as odd and even, ])erfect and iin- 
j^erfect, abundant and defective, — were, by a Mulling 
submission to an enthusiastic bias, connected vith 
the notions f)f good and b(*auty, wliich the terms 
suggested; and princi])]es resulting from such a con- 
nexion M ere Avoven into a Avide and complex system. 
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It is not necessary to dwell long on tins subject; the 
mere titles of the works which treated of it show its 
nature. Arcliytas^® is said to have written a treatise 
on the number /c;?; Telauge, the dauglitcr of Pytha- 
goras, wrote on the number /bfn\ This number, 
indeed, which was known by the name of the Te-- 
tracti/s^ was very celel^rated in the school of Pytha- 
goras. It is mentioned in the “ Golden Verses,” 
which are ascril)ed to him: the j^upil is conjured to 
})e virtuous, 

Nai fjbd Tov dfjLCT€pa ? TrapaSovra reTpa/^rvv 
Tlaydv devvdov (jbutrt'a)? 

By liim wlio stampt The Four upon tlie mind, 

The Four^ tlio fount of nature’s endless stream. 

In Plato’s Avorks, Ave liaAc evidences of a similar 
belief in r(*ligious relations of number; and in the 
Ncav Platonists, tliis doctrine AAas establislied as a 
system. I'roclus, of Avliom w(‘ have l:)een speaking, 
founds his ])hilosophv, in a great measure, on the 
relation of unity and multi])le; from this, ho is led 
to lepjvseiit th(^ cansality of the Divine Mind by 
three triads oi’ Jiljstractions ; and in the developement 
of oiu^ part of this s^stmn, the number seven is 
introduced^'. Tlie intelligible and intellectual gods 
produce all things tviadically ; for tlie monads in 
these are divided according to number; and Avhat 
the monad Avas in tlie former, the number is in the 
latter. And the intcdlectual gods jiroduce all things 

]Mont. ii. 12:^. Prod. v. 3., Taylors Translation. 
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hebdomically ; for they evolve the intelligihlc, and 
at the same time intellectual triads, into intellectual 
hebdomads, and expand their contracted powers into 
intellectual variety.” Seven is what is called by 
arithmeticians a prime number, that is, it cannot 
be produced by the multiplication of other numbers. 
In the language of the New Platonists, the number 
seven is said to be a virgin, and without a mother, 
and it is therefore sacred to Minerva. The number 
six is a perfect number, and is consecrated to V enus. 

The reMtions of space were dealt with in like 
manner, the geometrical j)i’operties being associated 
with such physical and metajihysical notions as 
vague thought and lively feeling could anyhow 
connect with them. We may consider, as an ex- 
ample of this’', Plato’s opinion concerning the i)ar- 
ticlcs of the four elements. lie gave to eacli kind 
of particle one of the five I’ogular solids, about which 
the geometrical siieculations of himself and his 
pupils had been emidoycd. The particles of fire 
were pyramids, because they are sharp, and tend 
upwards ; those of earth are cubes, because they are 
stable, and fill sj)ace ; the j)articles of air are octahe- 
dral, as most nearly resembling those of fire ; those 
of water are icositetrahedron, as most nearly spheri- 
cal. The dodecahedron is the figure of the element 
of the heavens, and shows its influence in other 
things, as in the twelve signs of the zodiac ; we see 


fc'tanley, Hist. Phil. 
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how loosely space and number are combined or 
confounded by these mystical visionaries. 

These numerical dreams of ancient philosophers 
have been imitated liy modern writers ; For instance, 
by Peter Bungo and Kircher, wlio have written De 
Mysteriis Nunierorum. Bungo treats of the mysti- 
cal properties of each of the numbers in order, at 
great length. And such speculations have influenced 
astronomical theories. In the flrst edition of the 
Alphonsine tables"’, the jirecession Mas represented 
by making the first point of Aries move, in a 2 >eriod 
of 7000 }'ears, through a circle of Mhich the radius 
M’as 18 degrees, nhile the circle moved round the 
ecliptic in 49,000 years; and these numbers, 7000 
and 49,000, were chosen jn-obably by .TcMish cal- 
culators, or M'ith reference to .Tndaical Sabbatarian 
notions. 

3. Astrology . — Of all the forms Mhich mysticism 
assumed, none Mas cultivated more assiduously 
than astrology. Although this art iirevailed most 
univei-sally and poMcrfully during the stationary 
])eriod, its existence, even as a detailed technical 
system, goes back to a very early ])eriod. It ])ro- 
bably had its origin in the East ; it is universally 
ascribed to the Babylonians and Chaldeans ; the 
name Chaldean was, at Home, synonymous Mith 
matliemniiais, or astrologer ; and m o read rejicatedly 
that this class of 2 )ersons M ere cx])elled from Italy 


Montiicla, 5. .'ill. 
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by a decree of the senate, both during the times of 
the republic and of the empire'*. The rc'currenco 
of this act of legislation shows that it was not eflbc- 
tual ; “ It is a class of men,” says Tacitus, “ which', 
in our city, will always l)e prohibited, and will always 
exist.” In Greece, it does not a])pear that the state 
showed any hostility to the professors of this art. 
They undertook, it would seem, then, as at a later 
period, to determine the course of a man’s character 
and life from the configuration of the stars at the 
moment of his birth. AV^e do not possess any of 
the sjH'Culations of the earlier astrologers ; and avc 
cannot therefore be certain that the feelings which 
o])erated in Jiieu’s minds 'when the art had its birth, 
agreed with the views on Avhich it was afterwards 
defended, when it became a niatt('r of controversy. 
But it appc'ars proI)able, that, though it A\as at later 
])eriods supported by physical analogies, it was ori- 
ginally suggested lyy mythological belief. The Greeks 
s]ioke of the iitjiiieiicex or cffln.res {ni-hppoias) which 
in-oceeded from the stars ; but the Chaldeajis had 
probably thought rather of the ])owers uhich they 
exercised as daik’s. In whatever manner the sun, 
moon, and planets came to be identified with gods 
and goddesses, it is clear that the characters ascribed 
to these gods and goddesses regulate the virtues 
and powers of the stars which bear their names. 
This association, so manifestly visionary, was retained, 

** Tacit:. Ann. li. .32. xii. 52. ffist. 1. 22, If. (>2. 
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amplified, and ]nirsued, in an entlinsiastic s])irit, 
instead of l)eiiio- rejected for more distinct and 
snbstanthil connexions ; and a protended science 
wa>s tlius Ibrmed, Avliicli bears tlie ol^vious stani]) 
mysticism. 

That common sense of mankind M'liicli teaches 
tliem that theoretical f)pinions are to be calmly tried 
by their conserjnonccs and their accordance yitli 
facts, appears to have counteracted the prevalenco 
of astrology in the better times of the human mind, 
hiudoxus, as we are informed by C'icero^\ nyected tlie 
pretensions of the Cliahh'ans; and Cicero himself 
reasons against them with arguments as sensible and 
intc'lligent as could be adduced l)y a writer of the ])re- 
sent day ; such as the dillerent fortunes and charac- 
ters of ])ersons ])orn at the same time ; and the failure 
of their ]jredictioiis, in tlie case of Pompi^y, C?rassus, 
Ciesar, to whom they had fon'told glorious old ago 
and peaceful death, lie also employs an argument 
nhicli the reader Avould jierhaps not expect from 
him; — the very great remoteness of the jdanets as 
compared with the distance of the moon. “ What 
contagion can reach us,” lie asks, “ from a distance 
almost infinite ?” 

Pliny argues on the same side, and with some of 
the same arguments'". “ Homer,” he says, tells 
us that Hector and Polydamas were born the same 
iiight ; — men of such diiterent fortune. And every 
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hour, in every pjfl’t of the world, sire born lords and 
slaves, kings and beggars.” 

The impression made by these arguments is 
marked in an anecdote told concerning Publius 
Nigidius Figulus, a Roman of the time of Julius 
Ca'sar, whom Lucan mentions as a celebrated astro- 
loger. It is said, that when an opponent of the art 
urged as an objection the different fates of persons 
born in two successive instants, Nigidius bade him 
make two contiguous marks on a })otter’s wheel, 
which was revolving rapidly near thorn. On stop- 
]ring the wheel, the two marks wei’c found to be 
really far removed from each other ; and Nigidius is 
said to have received the name of Figulus (the 
jrotter), in remembrance of this story. Ilis argu- 
ment, says St. Augustin(‘, who gives us the narra- 
tive, was as fragile as the Avai-e Avliich the wheel 
manufactured. 

As the darkening times of the Roman empire 
advanced, even the stronger minds seem to have lost 
the clear energy which was reipiisite to throAv off 
this delusion. Seneca appcai-s to take the influence 
of the planets for granted ; and even 'I’acitus'^ seems 
to hesitate. “ For my own part,” says he, “ I doubt ; 
but certainly the majority of mankind cannot be 
weaned from the opinion, that, at the birth of each 
man, his future destiny is fixed ; though some things 
may fall out differently from their predictions, by 
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the ignorance of those who profess the art ; and that 
thus the art is unjustly blamed, confirmed as it is by 
noted examples in all ages.” The occasion which 
gives rise to these reflections of the historian is the 
mention of Thrasyllus, the favourite astrologer of 
the Emperor Tiberius, whose skill is exemplified in 
the following narrative. Those who were brought 
to Tiberius on any impoi’tant matter, were admitted 
to an interview in an apartment situated on a lofty 
eliff’ in the island of Capreai. They reached this ])laco 
by a narrow path, accompanied by a single freedman 
of great bodily strength ; and on their return, if the 
emperor had conceived any doubts of their trust- 
worthiness, a single blow buried the secret and its 
victim in the ocean below. After Tlu‘asyllus had, 
in this retreat, stated the results of his art as they 
concerned the em])eror, Tiberius asked him whether 
he had calculated how long he himself had to live. 
The astrologer examined the asi)ect of the stars, and 
while ho did this, as the narrative states, showed 
hesitation, alarm, incre.asing terror, and at last de- 
clared that, “ the present hour was for him critical, 
])ei'haps fatal.” Tiberius embraced him, and told 
him “ he was right in su])posing he had been in 
danger, but that he should escape it;” and made 
him thenceforth his confidential counsellor. 

The belief in the power of astrological prediction 
which thus obtained dominion over the minds of 
men of literary cultivation and of practical energy, 
naturally had a more complete sway among the spe- 
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ciiktiye but uusBhh mhuls of tlw ktor pWosophi. 
cal schools of Alexandria, Athens, and Rome. o 
iiavo a treatise on astrology by Prochis, which will 
serve to exemplify the mjsticfiJ prineijJo ill this 
form. It a]ipcars as a conimentaiy on a work on 
tlio same subject called “ Tetrabiblos,” ascribed to 
Ptolemy; though wo may reasonably doubt whether 
the author of the Megalc Syntaxis” was also the 
writer of the astrological work. A few notices of 
the commentary of Proelus Avill suffice The 
science is defended by urging how ])oweriiil Ave 
kuoAV the jihysical effects of the heavenly bodies to 
be. The sun regulates all things on eartli ; — tlie * 
birth of animals, the growth of fruits, tlie tloving 
of Avaters, the change of health, according to the 
seasons ; he jivoduces heat, moisture, dryness, cold, 
according to his a])]>roach to our zeiiitli. The moon, 
Avhich is the Jiearest of all bodies to tlie earth, gives 
out much injiifoice; and all things, animate and in- 
animate, sym])athize Avith her ; rivers increase and 
diminish according to her light ; the advance of tlie 
sea, and its recess, are regulat(*d liy her rising and 
setting; and along Avith her, fruits and animals Avax 
and A\ane, either Avholly or in jiart.” It is easy to 
see that by pursuing this train of associations (some 
real and some imaginary) very vaguely and very 
enthusiastically, the connexions Avhich astrology 
supposes Avould receive a kind of countenance. 
Proelus then proceeds to state''* the doctrines of the 
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scioncc. “The sun,” he says, “"is pro(]uctivc of 
heat and dryness; this ])ower is moderate in its 
nature, l)ut is more sensible than that of the other 
liuniiiaries, from his maonitiide, and from tlie clianoo 
of seasons. The nature of the moon is for the most 
part moist ; for being* the nearest to tlie eartl], she? 
receiA’os the vapours whieli rise from moist l)odies, 
and thus she causes l)odies to soften and rot. Rut 
by the illumination she receives from the sun, she 
])artakes in a moderate degree of heat. Saturn is 
cold and dry, beiiig most distant both froiii the heat- 
ing power of the sun, and the moist vapours of the 
earth. JTis cold, Innvever, is most ])revalent, his 
dryness is more moderate. Both he and the rest 
receive additional ])owers from the conligurations 
which they make Avith res])ect to the sun and moon.” 
In the same manner it is remarked that iMais is dry 
and caustic, from liis fiery nature, which, indeed, his 
colour shows. Jupitm* is well compounded of warm 
and moist, as is A^emis. iMercury is Aairiable in his 
chai’act(*r. Krom these notions Avero derived others 
concerning the beneficial or malefic elle(*t of thest^ 
stars. Heat and moisture are gemerative and crea- 
tive elements ; hence the ancients, says Proclus, 
deemed Jujfiter, and Venus, and the moon, to have 
a good ])Ower; Saturn and Mercury, on the other 
hand, had an evil nature. 

Otlier distinctions of the character of tlie stars 
are enumerated, equally Adsionary, and suggested by 
the most lanciful connexions. Some are masculine, 
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and some feminine : the moon and Venus are of 
the latter kind ; this a|)2)oars to bo merely a mytho- 
logical or etymological association. Some are diurnal, 
some nocturnal; the moon and Venus arc of the 
latter kind, the sun and .Tujiiter of the former ; 
Saturn and Mars are both. 

The fixed stars, also, and esjiecially those of the 
zodiac, had especial influences and subjects assigned 
to them. Tn particular, each sign was su])posed to 
preside over a particular jiart of the body; thus 
Aries had tin? head assigned to it, Taurus the neck, 
and so on. 

The most important part of the sky in the astro- 
loger’s consideration, was that sign of the zodiac 
which rose at the moment of tlie child’s birth ; this 
was, proi)erly speaking, the horoscope, tlie ascendant, 
or the Ji rut house ; the uhole circuit of the heavens 
being divided into twelve houses, in ivliich life and 
death, marriage and children, riches and honours, 
friends and enemies Avere distributed. 

We need not attempt to trace the progress of 
this science. It }n-eA\ailed extensively among the 
Arabians, as wo might expect from the character of 
that nation. Albumasar, of lialkh in Khorasan, 
Avho flourished in the ninth century, who was one of 
their greatest astronomers, Avas also a great astro- 
loger ; and his Avork on the latter subject, “ De 
Magnis Conjunctionilms, Annonun Revolutionibus 
ac eorum Perfectionibus,” Avas long celebrated in 
Euro])e. Aboazen Haly (tlie Avriter of a treatise 
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De Judiciis Astronom.) who lived -in Spain in the 
thirteenth century, was one of tlie classical authors 
on this subject. 

It will easily be supposed that when this apoteles- 
matic ov judicial astrology obtained firm possession of 
men’s miuds, it would be pursued into innumerable 
subtle distinctions and extravagant conceits; and 
the more so, as experience could offer little or no 
check to such exercises of fiincy and subtlety. For 
the correction of rules of astrological divination by 
comparison Avith known events, though pretended to 
by many professors of the art, was far too vague and 
fallible a guidance to bo of any real advantage. 
Even in what has been called natural astrology, the 
dependence of the weather on the heavenly bodies, 
it is easy to sec what a vast accumulation of Avell- 
obsorved facts is requisite to establish any true rule; 
and it is well knon ii how long, in spite of fixcts, 
false and groundless rules (as the dependence of the 
weather on the moon) may keep their hold on men’s 
minds. When the facts are so loose and many-sided 
as human characters, ])assions, and happiness, it was 
hardly to be expected that even the most jioAverful 
minds should be able to find a footing sufficiently 
firm, to enable them to resist the impression of a 
theory constructed of sweeping and bold assertions, 
and filled out into a complete system of details. 
Accordingly, the connexion of the stars with human 
j)ers()ns and actions was, for a long jxeriod, undis- 
j)uted. The vague, obscure, and heterogenous eha- 



S02 PHYSICAL SCIENCE IN THE MIDDLE ages. 

ractcr of such a connexion, and its unfitness for any 
really scientific reasoning', could, of course, never he 
got rid of : and tlic bcAA'ildcring feeling of earnest- 
ness and solemnity, with which the connexion of the 
heavens with man was contemplated, never died 
away. In other respeqts, however, the astrologers 
fell into a servile commentatorial spirit; and em- 
})loyed themselves in annotating and illustrating the 
works of their ])redecessors to a considerable extent, 
before the revival of true science. 

It may be mentioned, that astrology has long been, 
and prolxxbly is, an ai't held in gi*eat esteem and 
admiration among other eastern nations besides the 
Mohammedans: for instance, the Jews, the Indians, 
the Siamese, and the Chinese. The prevalence of 
vague, visionary, and barren notions among these 
nations, cannot surprise us; for xve liave no (nidence 
from them, as from Ihiropeans Ave have, that they 
are capable, on subjects of physical s])eculation, of 
originating sound and ratiojial gen(»ral principle's. 
The arts may liave had their birth in all |)arts of the 
globe; but it is only hhirope, at ])articular favoured 
periods of its history, wliich has ever ])roduced 
sciences. 

We are, however, noAV s])eaking of a long period, 
during which this ]m)ductive energy was interrujded 
and suspended. During this ])eriod Ihirope d('- 
scended, in intellectual character-, to the level at 
Avhich the other })arts of the Avorld have always stood. 
II('r sciejice was then a mixture ()f art and mysticism ; 
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we liaYe considered several forms of this mysticism, 
l)ut there are two others whicli must not pass 
unnoticed, alchemy and magic. 

Wo may observe, before we proceed, that the 
deoj) and settled influence which astrology had ol)- 
tained among men, appears perhaps most strongly 
in the circumstan(?o, that the most vigorous and 
clear-sighted minds which \vere concerned in the 
revival of science, did not, for a long period, shake 
ofl*the persuasion, that there was, in this art, some 
element of truth. Roger Bacon, Cardan, Kepler, 
Brahe, Francis Bacon, are examples of this. These, 
or most of them, rejected all the more obvious and 
extravagant fiillacies Avith Avhich the sul)ject had 
been loaded ; but still conceiAxd that some real and 
valuable truth remained when all these were re- 
moved. Thus Cam|)anella'‘", whom we shall have to 
S])eak ot as one of the (irst opponents of Aristotle, 
Avroto an “ Astrology pnrilied from all the Supersti- 
tions of the Jews and Arabians, and treated physio- 
logically.” 

4. Alvhemi], — fiike other kinds of mysticism, 
alchemy seenns to haYO grown out of the notions of 
moral, personal, and mythological rpialities, Avhich 
men associated with terms, of Avhich the primary 
ap])lication Avas to ])hysical pro])erties. This is the 
form in Avhich the subject is pivsented to ns in the 
earliest Avritings Avhich we |)OSS('ss on the subject of 
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chemistry;— those of Geber" of Seville, who k sup- 
posed to have Jived hi the eighth or ninth century. 
The very titles of Geber’s works show the notions 
on which his pretended science proceeds. They are, 

“ Of the Search of Perfection “ Of the Sum of 
Perfection, or of the Perfect JVfagistcry ; ’ “ Of the 
Invention of Verity, or Perfection.” The basis of 
this phraseology is tlie distinction of metals into more 
or less perfect ; gold being the most perfect, as being 
the most valuable, most beautiful, most pure, most 
durable; silver the next; and so on. The “ Search 
of Perfection,” was, therefore, the attem])t to convert 
other metals into gold ; and doctrines were adopted 
which re])resented the metals as all com])ounded of 
the same elements, so that this was theoretically 
possible. But the mystical trains of association were 
jmrsued much further than this; gold and silver were 
held to be the most noble of metals ; gold M as their 
king, and silver their queen. IMythological associa- 
tions Avere called in aid of these fanciers, as had been 
done in astrology. Gold M’^as 8ol, the sun; silver Mas 
Luna, the moon ; copper, iron, tin, lead. M ere assigned 
to Venus, Mai’s, Jupiter, Saturn. The ])rocesses of 
mixture and heat m ere spoken of as personal actions 
and relations, struggles and victories. Some ele- 
ments were conquerors, some conquered ; there ex- 
isted preparations which j)ossessed the 2)OMer of 
changing the whole of a body into a substance of 
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another kind : these were called ma(jisteries^\ When 
gold and quicksilver are combined, the king and the 
queen are married, to produce children of their own 
kind. It will easily be conceived, that when chemi- 
cal operations were described in phraseology of this 
sort, the enthusiasm of the fancy would be added to 
that of the hopes, and observation would not be per- 
mitted to correct the delusion, or to suggest sounder 
and more rational views. 

The exaggeration of the vague notion of perfec- 
tion and power in the object of the alchemist’s 
search, was carried further still. The same prepa- 
ration which possessed the faculty of turning baser 
metals into gold, was imagined to be also a universal 
medicine, to have the gift of curing or ])rcvcnting 
diseases, ju’olonging life, producing bodily strength 
and beauty: the j)hUosophers' atone was finally in- 
vested with every desirable eflicacy which the fancy 
of the “ philosojdiers” could devise. 

It has been usual to say that alchemy w^as the 
mother of chemistry; and that men w^ould never 
have made the experiments on w hich the real sci- 
ence is founded, if they had not been animated by 
the hopes and the energy wdiich the delusive art 
inspired. To judge whether this is truly said, we 
must be able to estimate the degree of interest 
which men feel in purely speculative truth, and in 
the real and substantial improvement of art to 

** Hoyle. Tlionisoii s Hist. Cli. i. 25. Carolus Musitanus. 
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which it leads. Since the fall of alchemy, and the 
progress of real chemistry, these motives have been 
powerful enough to engage in the study of the science, 
a body far larger than the alchemists ever were, and 
no less zealous. Thei’e is no apparent reason why the 
result should not have been the same, if the progress 
of true science had begun sooner. Astronomy was 
long cultivated without the bribe of astrology. But, 
perhaijs, we may justly say this ; — that, in the station- 
ary jieriod, men’s minds were so far ejifecbled and 
degraded, that pure speculative truth had not its full 
effect upon them ; and the mystical pursuits in which 
some dim and disfigured images of truth were sought 
with avidity, were among the pi*ovisions by which the 
human soul, even when sunk below its best con- 
dition, is perpetually directed to something above the 
mere objects of sense and appetite ; — a contrivance 
of compensation, as it were, in the intellectual and 
spiritual constitution of man. 

5. Maqic . — Magical arts, so fixr as they Avere be- 
lieved in by those Avho professed to i>ractise them, 
and so far as they have a bearing in science, stand 
on the same footing as astrology; and, indeed, a 
close alliance has generally been maintained between 
the two pursuits. Incapacity and indisposition to 
perceive natiunl and philosophical causation, an en- 
thusiastic imagination, and such a faith as can devise 
and maintain su]>ernatural and spiritual connexions, 
are the elemeiits of this, as of other forms of mysti- 
cism. And thus that temper which led men to aim 
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at the magician’s supposed authority over the ele- 
ments, is an additional exemplification of those habits 
of thought which prevented the progress of real 
science, and the acquisition of that command over 
nature whicli is founded on science, during the in- 
terval now before us. 

But there is another aspect under which the 
opinions connected with this piirsuit may servo to 
illustrate the mental character of the stationary 
period. 

The tendency, during the middle ages, to attribute 
the chai’acter of magician to almost all persons emi- 
nent for great speculative or practical knowledge, is 
a feature of those times, which shows how extensive 
and complete was the inability to apprehend the 
nature of real science. In cultivated and enligh- 
tened periods, such as those of ancient Greece, or 
modern Europe, knowledge is wished for and ad- 
mired, even by those avIio least possess it: but in 
dark and degraded periods, superior knowledge is 
a butt for hatred and fear. In the one case, men’s 
eyes are open ; their thoughts are clear; and, how- 
ever high the philosojdier may be raised above the 
multitude, they can catch glimpses of the intciwen- 
ing path, and see that it is open to all, and that 
elevation is the reward of enei’gy and labour. In 
the other case, the crowd are not only ignorant, but 
spiritless ; they have lost the ])]easure in knowledge, 
the apj)ctite for it, and the feeling of dignity which 
it gives : there is no sjunpathy which connects them 
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with the leariiCfl maii; tluj see him above tlioin, 
but know not how ho is raised or supported : ho 
becomes an object of avoi'sioii and oiivy, of vague 
suspicion and terror; and those emotions arc em- 
bodied and confirmed by association with the fancies 
and dogmas of superstition. To consider superior 
knowledge as magic, and magic as a detestable and 
criminal employment, was the form which these 
feelings of dislike assumed ; and at one period in 
the history of Europe, almost every one who had 
gained any eminent literary lame, was spoken of as 
a magician. Naudteus, a learned Frenchman, in the 
seventeenth century, WTote An Apology for all the 
Wise Men who have been unjustly reported Ma- 
gicians, from the Creation to the ])resent Age.” 
The list of persons wdiom he thus thinks it necessary 
to protect, are of various classes and ages. Alkindi, 
Geber, Artephius, Thebit, Raymund Lully, Arnold 
de Villa Nova, Peter of Apono, and Paracelsus, had 
incurred the black suspicion as physicians or alche- 
mists. Thomas Aquinas, Roger Bacon, Michael 
Scot, Picus of JMirandula, and Trithemius, had not 
escaped it, though ministers of religion. Even dig- 
nitaries, such as Rol)ert Grosteste, bishop of Lincoln, 
Albertus Magnus, bishop of Ratisbon, Popes Syl- 
vester the Second, and Gregory the Seventh, had 
been involved in the wide calumny. In the same 
W’ay in wdiich the vulgar confounded the eminent 
learning and know ledge w Inch had ai)peared in recent 
times, with skill in dark and supernatural arts, tlu^y 
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converted into nizmls all the best-known names in 

the rolls of fame; as Aristotle, Solomon, Joseph, 
Pythagoras ; and, finally, the poet Virgil was a power- 
ful and skilful necromancer, and this fancy was ex- 
emplified by many strange stories of his achievements 
and practices. 

The various results of the tendency of the human 
mind to mysticism, which we have here noticed, form 
l^romiiient features in the intellectual character of 
the world, for a long course of centuries. The 
theosophy and theurgy of the Neoplatonists, the 
mystical arithmetic of the Pythagoreans and their 
successors, the predictions of the astrologers, the 
pretences of alchemy and magic, represent, not un- 
fairly, the general character and disj)osition of men’s 
thoughts, with reference to i)hiloso})hy and science. 
That there were stronger minds, which threw olf in 
a greater or less degree this train of delusive and 
unsubstantial ideas, is true ; as, on the other hand, 
mysticism, among the vulgar or the foolish, often 
went to ail extent of extravagance and superstition, 
of wdiich I have not attempted to convey any con- 
cej)tion. The lesson which the preceding survey 
teaches us is, that during tlu^ stationary period, 
mysticism, in its various forms, Avas a leading cha- 
racter, both of the common mind, and of the specu- 
lations of the most intelligent and profound reasoners; 
and that this mysticism Avas the o])posite of that 
habit of thought Avhich aac liaA^e stated science to 
require ; namely, clear ideas, distinctly employed to 
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connect wcll-asccrtained facts ; inasmuch as the ideas 
in which it dealt were vague and unstable, and the 
temper in which they were contemplated was an 
urgent and aspiring enthusiasm, which could not 
submit to a calm conference with experience upon 
even terms. The fervour of thought in some degree 
supplied the place of reason in producing belief; 
but opinions so obtained had no enduring value; 
they did not exhibit a permanent record of old truths, 
nor a firm foundation for new. Experience collected 
her stores in vain, or ceased to collect tliem, when 
she had only to pour them into the flimsy folds of 
the lap of mysticism ; wdio was, in truth, so much 
absorbed in looking for the treasures which MTre to 
fall from the skies, that she heeded little how scan- 
tily she obtained, or how loosely she held, such riches 
as might be found near her. 
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CHAPTER IV. 

Of the Dogmatism of the Stationary Period. 

In speuking of the cliaractcr of the age of commen- 
tators, we noticed principally the ingenious servility 
which it displays ; — the acuteness with Avhich it finds 
ground for speculation in the expression of other 
men’s thoughts ; — the want of all vigour and fertility 
in acquiring any real and ucav trutlis. Such was 
the character of the reasoners of the stationary 
period from the first; but, at a later day, this 
character, from various causes, was modified by new 
features. The servility which had yielded itself to 
the yoke, insisted ujmn forcing it on the necks of 
others; the subtlety Avhich found all the truth it 
needed in certain aecre<lited Avritings, resolved that 
no one should find thei’o, or in any other region, any 
other truths ; speculatiA'o men l)ecame tyrants Avith- 
out ceasing to bo slaves ; to their character of coin- 
inentators they added that of dogmatists. 

1. Oriffin of the Scholastic Philosophy. — The causes 
of this change liaA’c been very hapi)ily analysed and 
described by several modern Avriters'. The general 
nature of the process may be briefly stated to have 
been the folloAving. 

’ Dr. Hampden, in tlic Life of Thomas Aquinas, in the Encyc. 
Metrop. Degcrando, Hist. Compareo, vol. iv. Also Teiincmann, 
Hist, of Phil. vol. viii. Introduction. 
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Tlie tendencies of the later times of the Roman 
empire to a commenting literature, and a second- 
hand philosophy, have already been noticed. The 
loss of the dignity of political freedom, the want of the 
cheerfulness of advancing prosperity, and the substi- 
tution of the unphilosophical Latin language for the 
delicate intellectual mechanism of the Greek ; fi xed 
and augmented the 2>i’cvalent feebleness and barren- 
ness of intellect. Men forgot, or feared, to consult 
nature, to seek for ncAV truths, to do what the great 
discoverers of other times had done ; they were 
content to consult libraries, to study and defend 
old ojiinions, to talk of what great geniuses had said. 
They sought their jihilosojdiy in accredited treatises, 
and dared not question .such doctrines as they there 
found. 

The character of the j)hilosoi)hy to which they 
were thus led, was determined by this want of 
courage and originality. There are various anta- 
gonist princi])les of opinion, which seem alike to 
have their root in the intellectual constitution of 
man, and which arc maintained and developed by 
opi^osing sects, when the intellect is in vigorous 
action. Such principles are, for instance, — the 
claims of authority and of reason to our assent ; — 
the source of our knowledge in experience or in 
ideas ; — ^the sujjeriority of a mystical or of a sceptical 
turn of thought. Such ojq)ositions of doctrine were 
found in writers of the greatest fame ; and two of 
those, who most occupied the attention of students. 



dogmatism of the stationary period. 318 


Plato and Aristotle, were, on several points of this 
nature, very diverse from each other in their ten- 
dency. The attempt to reconcile these philosophers 
by Boethius and others, we have already noticed ; 
and the attempt was so far successful, that it left on 
men’s minds the belief in the possibility of a great 
philosophical system which should be based on these 
writers, and have a claim to the assent of all sober 
speculators. 

But, in the mean time, the Christian religion had 
become the leading subject of men’s thoughts ; and 
divines had put forward its claims to be, not merely 
the guide of men’s lives, and the means of reconciling 
them to their heavenly Master; but also to be a 
philosophy in the widest sense in which the term had 
been used ; — a consistent speculative view of man’s 
condition and nature, and of the world in n liich he 
is placed. 

These claims had been acknowledged; and, un- 
fortunately, from the intellectual condition of the 
times, with no due apprehension of the necessary 
ministry of observation, and reason dealing with 
observation, by which alone such a system can be em- 
bodied. It was held, Avithout any regulating principle, 
that the philosophy Avhich had been bequeathed to the 
w'orld by the great geniuses of heathen antiquity, and 
the philosophy which was deduced from, and implied 
by, the revelations made by God to man, must bo 
identical ; and therefore, that theology is the only true 
philosophy. Indeed, the Neoplatonists had already 
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arrived, by other roads, at the same conviction. John 
Scot Erigena, in the reign of Alfred, and consequently 
before the existence of the scholastic philosophy, 
properly so called, had reasserted this doctrine’®. 
Anselm, in the eleventh century, again brought it 
forward”; .and Bernard de Chartres, in the thirteenth^. 

This view was confiimcd by the opinion which 
prevailed, concerning the nature of philosophical 
truth ; a view supported by the theory of Plato, the 
practice of Aristotle, and the general propensities of 
the human mind : I mean, the opinion that all 
science m.ay be obtained by the use of reasoning 
alone ; — that by analysing and combining the notions 
which common language brings before us, we may 
learn all that Ave can know. Thus logic came to 
include the whole of science; and .accordingly this 
Abelard exiiressly maintained ''. I have already ex- 
])lained, in some measure, the fallacy of this belief, 
which consists, as has been well said”, “ in mistaking 
the universality of the theory of language for the 
generalization of facts.” But on all accounts this 
opinion is readily accepted ; and it led at once to the 
conclusion, that the theological phiIoso2)hy which wo 
have described, is complete as Avell as true. 

Thus a universal science was established, with the 
authority of a religious creed. Its universsility rested 
on erroneous views of the relation of words and 
truths ; its pretensions as a science were admitted 

* Deg. iv. 3r>l. ” Ib. iv. 388. * Ib. iv. 418. 

’ Ib. iv. 407. " Enc. Slot. 80?. 
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by tlie servile temper of men’s intellects; and its 
religious authority was .assigned it, by making all 
truth pai’t of religion. And as religion claimed 
assent within her own jurisdiction under the most 
solemn and imperative sanctions, ])hilosophy shared 
in her imperial power, and dissent from their doctrines 
was no longer blameless or allowable. EiTor became 
wicked, dissent became heresy; to reject the re- 
ceived human doctrines, was nearly the same as to 
doubt the Divine declarations. The Scholastic Phi- 
losophy/ claimed the assent of all believers. 

The external form, the details, and the text of 
this philosophy, were taken, in a great measure, 
from Aristotle; though, in the spirit, the general 
notions, and the style of interpretation, Plato and the 
Platonists had no inconsiderable sliare. Various 
causes contributed to the elevation of Aristotle to 
this distinction. Ilis logic had early been adopted 
as an instrument of theological disjmtation ; and his 
spirit of systematization, of subtle distinction, and 
of analysis of words, as well as the disposition to 
argumentation, aftbrded the most natural and grateful 
employment to the commentating propensities. 
Those principles which we formerly noted as the 
leading points of his physical philosophy, were se- 
lected and adopted ; and these, presented in a most 
technical form, and applied in a systematic manner, 
constitute a largo portion of the philosojdiy of which 
we now speak, so far as it pretends to deal with 
jdiysics. 
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2. SdoMc before the comploto 

ascendency of Aristotle ^^as thus established, 
wlien something of an intellectual waking took 
])lace after the darkness and sleep of the ninth 
and tenth centuries, the Platonic doctrines seem 
to have had, at lirst, a strong attraction for 
men’s minds, as better falling in with the mystical 
speculations and contemplative i)iety which belong 
to the times. John Scot Erigena^ may be looked 
upon as the revivor of the New^ Platonism in the 
tenth century. Tow\ards the end of the eleventh, 
Peter Damien", in Italy, rejn-oduced, involved in a 
theological discussion, some Ncoi)latonic ideas. Gode- 
froy'" also, censor of St. Victor, has left a treatise, 
entitled Microcosmus; this is founded on a mystical 
analogy, often aftc‘rw\ards again brouglit forw^ard, 
between man and the universe. “ Philosojiliers and 
theologians,” says the writer, “agree in considering 
man as a little world ; and as the world is composed 
of four elements, man is endowed with four faculties, 
the senses, the imagination, reason, and understand- 
ing.” Bernard of Chartres'’, in his Megascosmus 
and ^Microcosmus, took up the same notions, lingo, 
abbot of 8t. Victor, made a contemplative life the 
main point and crown of Jn’s phiJosojjhy ; and is said 
to have V)een the first of the scholastic writers who 
made psychology his special study". He says the 
faculties of the mind are “the senses, the iniagina- 

’ Dog. iv. 35. " Ib. iv. 307. " Ib. iv. 413 

lb. iv. 4iy. “ lb. iv. 415. 
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tion, t\ic reason, the memory, the understanding, 
and the intelligence.” 

Physics (loos not originally and properly form any 
prominent part of the scholastic philosophy, which 
consists mainly of a series of questions and determi- 
nations upon the various points of a certain technical 
divinity. Of this kind is the “ Book of Sentences” 
of Peter the Lombard (bishop of Paris), who is, on 
that account, usually called “ Magister Senten- 
tiarum a work which Avas published in the twelfth 
century, and Avas long the text and standard of such 
discussions. Tlie (piestions are decided by the 
authority of Scri])turc and of the Fathers of the 
Church ; and are divided into four Books, of A\diich 
the first contains cjuestions cemcerning God and the 
doctrine of the Trinity in particular; the second is 
concerning the creation ; the third, concerning Christ 
and the Christian religion ; and the fourth treats of 
religious and moral duties. In the second Book, as 
in many of the Avriters of this time, the nature of 
angels is considered in detail, and the orders of their 
hierarchy, of Avliich tliere Avere held to bo nine. 
The physical discussions enter only as bearing upon 
the revealed history of the creation, and cannot be 
taken as a sjiecimeii of the Avork ; but I may obserA o, 
that in speaking of the division of the Avaters aboA^c 
the firmament from the Avaters under the firmament, 
he gives one opiniou, that of Bode, that the former 
Avaters are the solid crystalline heavens in Avhich the 
stars arc fixed'*, ‘‘for crystal, Avhich is so hard and 
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transparent, is made of water.” But he mentions also 
the opinion of St. Augustine, and adds that the waters 
above the heavens arc there in a state of vapour 
{vapM'aliter) and in minute drops; “if, then, water 
can, as we see in clouds, be so minutely divided that 
it may be thus supported as vapour on air, which is 
naturally lighter than Avater ; why may we not be- 
lieve that it floats above that lighter celestial element 
in still minuter dro 2 )s and still lighter vaiiours ? But 
in whatever manner the waters are there, wo do not 
doubt that they are there.” 

The celebrated “Summa Theologia;” of Thomas 
Aquinas is a work of the same kind ; and anything 
which has a jihysical bearing forms an equally small 
part of it. Thus, of the 512 Questions of the 
.Summa, there is only one (Part T., Quest. 115) “ on 
corjjoreal action,” or on any j)art of the material 
world; though there are several concerning the 
celestial hierarchies, as “on the act of angels,” “on 
the speaking of angels,” “ on the subordination of 
angels,” “ on guardian angels,” and the like. This, of 
course, Avould not be remarkable in a treatise on 
theology, excef)t this theology were intended to 
constitute the whole of jiliilosophy. 

\^'^o may observe, that in this work, though Plato, 
Avecibron, and many other heathen as well as Chris- 
tian ])hilosoidiers, are adduced as authority, Aristotle! 
is referred to in a peculiar manner as “the philoso- 
]»her.” This is noticed by John of Salisbury, as 
attracting attention in his time; (he died A, D. 
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1182 .) “ The various masters of Dialectic,” says he ' *, 
“shine, each with his peculiar merit; but all are 
l)routl to Avorship the footsteps of Aristotle; so 
much so, indeed, that the name of philosopher, which 
belongs to them all, has been pre-eminently appro- 
priated to him. He is called the philosopher auto- 
nomatice, that is, by excellence.” 

The Question concerning CoiiAoreal Action, in 
Aquinas, is divided into six Articles ; and the conclu- 
sion delivered upon the fii'St, is'*, that “Body being 
compounded of power and act, is active as Avell as pas- 
sive.” Against this it is urged, that quantity is an 
attribute of body, and that tpiantity prevents action ; 
that this appears in fact, since a larger body is more 
difficult to move. The author replies, that “ quan- 
tity does not prevent corporeal form from action 
altogether, but prevents it from being a universal 
agent inasmucli as the form is individualized, which, 
in matter sul)ject to quantity, it is. Moreover, the 
illustration deduced from the ponderousiiess of bodies 
is not to the purpose ; first, because the addition of 
fjuantity is not the cause of gravity, as is proved in the 
fourth book, J)e Cado ami De Mundo” (wo see that 
he quotes familiarly the physical treatises of Aris- 
totle) ; “ second, because it is false that ponderous- 
ness makes motion slower; on the contrary, in 
pro])ortion as anything is heavier, the more does it 
move Avith its proper motion ; thirdly, because action 

“ Mfctulogicus, lib. li. cap. 10. ‘* tiummic, P. i. Q. 1 15. M t. 1. 
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does not take place by local motion, as Democritus 
asserted ; but by this, that something is drawn from 
power into act.” 

It does not belong to oiir purpose to consider 
either the theological or the metaphysical doctrines 
which form so large a portion of the treatises of the 
schoolmen. Perhaps it may hereafter aiipear, that 
some light is thrown on some of the <piestious which 
liave occupied mota])hysician8 in all ages, by that 
examination of tlie Iiistory of the ju-ogressive sciences 
in which M*e arc now engaged ; but till avc are able 
to analyse the leading controversies of this kind, it 
would be of little service to speak of them in detail. 
It may bo noticed, however, that many of the most 
prominent of them refer to the great cpiestion, — 
“ What is the relation l)etween actual things and 
general terms?” Perhaps in modern times, the 
actual things would be more commonly taken as the 
])oint to start from ; and men would begin by con- 
sidering how classes and universuls are obtained from 
individuals. But the schoolmen, founding their 
speculations o’l the received modes of considering 
such subjects, to which both Aristotle and Pl.ato had 
contril)uted, travelled in the o])posite direction, ami 
endeavoured to discover how imlividuals were de- 
duced from genera and species ; — wh.at was “ tlu^ 
principle of individuation.” This was variously 
stated by different reasoners. Thus Bonaventura’’ 
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solves tlie difficulty by tlie aid of the Aristotelian 
distinction of matter and form. The individual 
derives from the ferm the property of iemfjf some-- 
tiling^ and from the matter the property of being 
^ that particular thing. Duns Seotus'®, the great ad- 
versary of Thomas Acpiinas in theology, placed tlie 
principle of individuation in “ a certain positive de- 
termining entity,” which his school called ITcecceitg^ 
or thisness. “Thus Peter is an individual, because 
his humanity is combined with Petreity'' The force 
of abstract terms is a curious question, and some 
remarkalde experiments in their use had been made 
by the Latin Aristotelians before this time. In the 
same way in which u e talk of the quantity and quality 
of a thing, they spoke of its quiddity''. 

AVe may consider the reign of imu’e disputation 
as fully established at the time of which we are now 
speaking; and the only kind of ])hilosopliy hence- 
forth studied was one in which no sound physical 
science had or could have a place. The wavering 
abstract ions, indistinct generalisat ions, and loose 
classifications of common language, which we have 
already noted as the fountain of the ])hysics of the 
Greek schools of philosophy, were also the only 
source from whi(*h the schoolmen of the middle ages 
drew their views, or rather their arguments: and 
though these notional and verbal relations were in- 
vested with a most complex and ])edantic tecdini- 

Dog. iv. 11). iv. Ji) l. 
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cality, they did not, on that account, become at all 
more precise as notions, or most likely to lead to a 
single real truth. Instead of actjuiring distinct ideas, 
they multi])lied abstract terms ; instead of real gene- 
ralisations, they had recoiu’se to verbal distinctions. 
The Mhole course of their employments tended to 
make them, not only ignorant of ])hysical trutli, but 
incapable of conceiving its nature. 

Having thus taken upon themselves the task of 
raising and discussing questions by means of abstra(*t 
terms, verbal distinctions, ami logical rules alone, 
there was no tendency in their activity to come to 
an end, as there was no progress. The same (pies- 
tions, the same answers, the same difliculties, the 
same solutions, the same verbal subthdies, — sought 
for, admired, cavilled at, abandoiuMl, r(‘produced, and 
again admired, — might r(»<*nr \\ illiont limit. John of 
Salisbury ol)serves of tlu^ Parisian teaclua-s, tliat, 
after several years’ absence* he foinal th(*m not a 
steq) advanced, and still emiployed in urging and 
})aiTviiig the same arguments; and tins, as Mr. Ilal- 

lie studied legic at I’aris, at St. (i(‘noviev<', and tlion lift 
them. “ Duodereiniium mihi elapsiim est divei>is studiis <)<• 
ciipatuiii- .Jiicujidum ita(|ue visum est vctiMTs 
ct quos adhuc Dialeciica d<-tim*]>at In montr, (SaiieOe ( leiiovcia ) 
rcviser(‘ socios, confern* cum cIs siiprr amhi;^uitafiI)U.s ])risfini^; 
ut nostrum invicom oollationc mutua commetiremur profrctuin. 
Invciiti sunt, qu* fucraiit ct ul>i; iicqiic cinm ad palmam vi^i 
sunt pr(jccs.>iss\‘ ad quavstioncs jiri.stinas dirimendas, iirqm* pro- 
positiumulam uiiam adjeerraut. (^uihus uigchant stiiiinlis 
cisdem ct i[»si urgchaiitur." iS:c. Melalugkus^ Jih. ii. cap. 
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lam remarks'”, “was equally applicable to the period 
of centui-ies.” The same knots were tied and un- 
tied ; the same clouds were formed and dissipated. 
The ])oet’s censiire of “ the Sous of Aristotle,” is as 
just as happily expressed : — 

Tlioy stand 

Locked up together liand in liand ; 

Every one leads as he is led, 

Tlic same hare path they tread, 

And dance like Fairies a fantastic round. 

But neither change their motion nor their ground. 

It will, therefore, be unnecessary to go into any 
detail respecting the history of the school philosophy 
of the thirteenth, fourteenth, and fifteenth centuries. 
We may suppose it to have been, during the interme- 
diate time, such as it was at first and at last. An 
occasion to consider its later days will bc^ 1>rought 
before* us by tlu^ course of our subject. But, even 
during the most entire ascendency of the scholastic 
doctrines, the elements of change were at work, 
AYhih* the doctors and the philosophers received all 
the ost(*nsible homage of men, a doctrine and a ])hi- 
loso[)hy of another kind were gradually forming; the 
[nactical instincts of man, their impatience of tyranny, 
the progress of the useful arts, the promises of alchemy, 
were all disposing men to reject the authority and 
deny the pretensions of the received philosophical 
creed. Two antagonist forms of opinion were in 
existence, which for some time went on detached, 

V ‘2 
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and almost independent of each other; but, tiiially, 
these came into confliet, at the time of Galileo; and 
the war speedily extended to every part of civilized 
J^nrope. 

3. Scholastic Physics . — It is difficult to give briefly 
any ap])ro|)riate examples of the nature of the Aris- 
totelian physics which are to be found in the works 
of this time. As tlie gravity of bodies Avas one of 
the first subjects of dispute when the struggle of the 
rival methods began, we may notice the mode in 
which it was treated Zabarella maintains that 

the proximate cause of the motion of ehanents is 
theybm, in the Aristotelian sense of the term: l)ut 
to this sentence we,” says Keckerinam cannot 
agree; for in all other things the form is the proxi- 
mate cause, not of the act, but of tln^ |)owt‘r or faculty 
from which the act flows. Thus in man, the rational 
soul is not the cause of the act of laughing, but of 
the risildc' faculty or power.” Keck(M*man’s system 
Avas at one time a Avork of considerable autliorit a : 
it Avas ])ublished in l(jl4. Jiy comparing and 
systematising Avliat he fiinls in Aristoths he is led 
to state his results in the form of delinitions and 
theorems. Thus, ""gravity is a motive (juality, arising 
from cold, density, and Indk, by which the elements 
arc? carried dowiiAvards.” "" Water is the lowcu* in- 
termcMliate elenumt, c'old and moist.” The first 
theorem concerning Avater is, "" The moistness of 
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water is controlled by its coldness, so that it is less 
than the moistiiess of the air ; though, according to 
the sense of the vulgar, water ap])ears to moisten 
more than air.” It is obvious that the two proper- 
ties of fluids, to have their parts easily moved, and 
to wet other bodies, are here eoiifoiinded. 1 may, 
as a concluding si)ecimen of this kind, mention those 
propositions or maxims eoneerning fluids, Avhieh were 
so firmly (established, that, when Boyle propound(‘d 
the true mechanical jwinciples of fluid .action, lie 
was obliged to state his opinions as hydrostatical 
paradixres,^^ These' were, — that fluids do not gravi- 
tate in yroprio loco ; that is, that water has no gravity 
in or on water, since it is in its own ])lace; that air 
has no gravity on water, since it is above water, 
which is its pro|)er place; that earth in wat(‘r t(‘nds 
to desc(*nd, since its place is below watew; — that the 
water rises in a puni]> or siphon, because nature' 
abhors a vacuum ; — that some bodies have* a iiositive 
h'vity in others, as oil in water; and the lik('. 

4. Auihoritii of Arisfoflr amoH(j the School))irn . — 
The authority of Aristoth', and the practice of mak- 
ing him the text and basis of tlu' system, especially 
as it regarded physics, ju-i'vaih'd during the ])eriod 
of wdiich we spi'ak. This authority was not, how- 
ever, Avithout its fluctuations. liauiioy has traced 
oiu' ])art of its history, in a book '“On the various 
fortune of Aristotle in the l'inv(*rsity of Paris.” 
The most material turns of this fortune depend on 
the bearing which the works of Aristotle were sup- 
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po^ed to hnvo upon tliooloji'V- SotornI ol Avistotlv h 
^vorks', and more especially his metaphysical writings^ 
had heen translated into Latin, and were explained in 
the schools of the University of Paris, as early as the 
boo’innino’ of the thirteenth century^’. At a council 
held at Ihiris in 1209, they were prohibited, as having* 
given occasion to the heresy of Almeric (or Amauri), 
and because “ they might give occasion to other 
Iua*esies not yet invented.” The Logic of Aristotle 
recovered its credit some years after this, and Mas 
publicly taught in the University of Paris, in tlu' 
year 1215; but the Natural Philoso])liy and Meta- 
])hysics Mere lu’ohibited by a decree? of (Jn'gory tlie 
Ninth, in 1231. The* emperor, h'reehnh* tlie Second, 
(‘inployed a miniber of l(‘arne<l men to translate into 
Latin, from tlie Greek and Arabic, certain books of 
Aristoth^ and of otlier ancient sages; and we hiwe 
a letter of P(‘ter d(* A'iiUMS, in mIucIi they are recom- 
mended to tlie attention of the Univt‘rsity of Bo- 
logna : ])rol)ably the same recomimaidation Mas 
addri'ssed to other Universities. Both Albertns 
Magnns and Thomas Aipiinas Mrote commentarii's 
on .Aristotle’s Morks; and as this Mas done soon 
after tin' decree of Gregory the Ninth, Laiinoy is 
much perplexed te reconcile tlu‘ 1‘actM'ith the ortho- 
doxy of the tM’o doctors. Gampanella, mIio Mas oik* 
of the first to cast oil* the* authority of Aristnth*, 
says, “ AVe are by no means to think that 8t. Thomas 
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nrisMclized ; he only expounded Aristotle, that he 
miglit correct liis errors ; aiul I should conceive ho 
did tills with the license of the Pojic.” This state- 
inont, liowcver, by no mouns gives a just view of 
the nature of Alljcrtus’s and Aquinas’s commentaries. 
Botli liave followed their author with profound de- 
ference''". For instance, Aquinas^* attempts to defend 
Aristotle’s assertion, that if there were no resistance, 
a body would move through a space in no time ; and 
the same dcdence is given by Scotus. 

We may imagine the extent of authority and 
admiration Avhich Aristotle would attain, when thus 
countenanced, both by the powerfid and the learned. 

I n univc‘rsities, no <legree could be taken without? a 
knowledge' of the philosopher. In 1452, Cardinal 
Totaril established this rule in the University of 
Paris'^‘. When Kainus, in l54o, j>u))lished an attack 
n])on Aristotle, it was repcdled by the power of the 
court, and tin* s(‘verity of tlu' law. Francis the 
First ])ublisli(Mt an ('diet, in which he states that he 
had a])pointed cc'rtain judges, who hael been of 
opinion"’, ‘‘ (pie le dit Ramus avoit ("te tenu'raire 
arrogant (‘t iminulent ; ('t (pie parcerpi’i'ii son livre des 
animadversions il roprenait Aristotli', estait ("vhhnn- 
ment connne ('t maniteste son ignorance.” The 
books are tlu'n declareel to be suppressed. Ft was 
often a com])laint of |uous nu'u, that theology was 
corrupted by the inlluence of Aristoth' and his coin- 
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lueiitatorH. Petnircli says^% that one of the Italian 
learned men conversing Avith him, after expressing 
much contempt for the apostles and fathers, ex- 
claimed, Utinaiu tii Averroeu j)ati })osses, ut 
videres (juaiito ille tuis his imgatoribiis major sit!” 

When the revival of letters began to take place, 
and a number of men of ardent and elegant minds, 
susceptible to the impressions of beauty of style and 
dignity of thought, were brought in contact with 
Greek literature, Plato had naturally greater charms 
for them. A jxiwerful school of Platonists (not 
Neoj)Iatonists) was formed in Italy, including some 
of the principal scholars and men of genius of the 
time; as Picus of iVIirandula in tlie middle, Marsi- 
liu.s Ficinus at the end, of the hfteenth century. A t 
one time, it appeared as if the ascendency of Aris- 
totle was about to be overturm‘d ; but, in physics at 
least, his authority passed unshaken through this 
trial. Ft was not by disputation tliat Aristotle could 
be overthrown; and tlie FMatonists win’o not persons 
whose doctrines led them to use the only decisivt*. 
method in such cases, the observation and unfettered 
interpretation of facts. 

The history of their controversies, tlierelbre, does 
not belong to our design. I"or like reasons we do 
not here sj)eak of other authors, uho opposixl the 
scholastic jdiilosophy on general theoretical grounds 
of various kinds. Such examples of insiirrectioii 
against the dogmatism which we have been review- 

Ifallani, M. A., iii. r/ML 
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ing, are extremely interesting events in tlie history 
of the? philosopliy of science. But, in the present 
work, we are to confine ourselves to^ the history of 
science itself; in the liope that we may thus be able 
hereafter, to throw a steadier light upon that pliilo- 
soj)hy by Avhich the succession of stationary and 
])rogressive periods which we are here tracing, may 
be in some measure ex])lained. We are now to 
close our account of the stationary period, and to 
enter upon the great subject of the progress of physi- 
cal science in modern times. 

5. Suhjeefs omitted Ciril Lair. Medicine . — ISIy 
obji'ct has been to make my way, as rapidly as pos- 
sible, to this ])eri()d of ]>rogress ; and in doing this, I 
have had to pass over a long and barren tract, where 
almost all tracers of the riglit road disap|)ear. In 
exploring this region, it is not without some difficidty 
that he who is travidling with objects such as mine, 
continues a steady progress in the ])roper direction; 
for many curious and attractive subjects of research 
conuMii his way: he crosses the track of many a 
controversy, which in its time divided the world of 
sj)eculators, and of Avhich the results may be traced, 
even now, in the conduct of moral, or political, or 
metaphysical discussions ; or in the common associa- 
tions of thought, and forms of language. The M ars 
of the Nominalists and Realists; the disputes con- 
cerning the foundations of nn)rals, and the motives 
of human actions ; the controversies concerning pre- 
<lestination, free Mill, grace, and tlie many other 
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points of meta|)Iiysical divinity; the inflnonce of 
tlieoldoy and nietapliysics upon oach other, and upon 
otlior subjects ot* human cariosity ; the effects of 
opinion ui)on politics, and of political condition upon 
opinion; the influence of literature and philoso])hy 
ii|M)u each other, and upon society; and many other 
subjects; — miuht be well worth examination, if our 
hoi>e of success did not reside in j)ursnino-, steadily 
and directly, those inquiries in wliich we can look 
for a definite and certain rc'ply. We must even 
m‘<>lect tw<» ot* tlu* lea<lin<i* studies of thos(» times, 
which occupit'd much of men’s time and thoui^bts, 
and had a vt*rv <>reat inlhienco on society; tin' one 
dealinjv with notions, the otlier with thinus; the 
one (‘inployed about moral rules, the otluu- about 
mat(‘rial causes, but both for ])ractical (Uids; I nu'an, 
the study of the Ciri/ ami of Mnlinno. "riK' 

se(*<»nd of th(*s(‘ studies will Ijereafter conn' before 
iis, as one c>f the priiu'ipal oc'casions which led to the 
cultivation of cli(*mist?'y ; but, in itsc'lf, its progress 
is of too (‘oinplex and ind(*finit(' a natun' to Ix' ad- 
vantai^eonsly com|)ared with that of tlii' more (‘xact 
sciences. The Jloinan Law is lu'hl, by its admiri'rs, 
to be a system of d(‘ductive science, as exact as tin' 
mathematical sciences themselves ; and it may, there- 
h)re, b(? useful to consider it, if wc* should, in tin' 
secpK'l, hav(» to examiju' how far tln're ('an exist an 
analoiry Ix'tween moral and |)hysical sciemx'. Jhit, 
altc'i* a few mon? words on the middle a,t>es, we must 
return to our task of trachi^t tlu' progress of tlie latter. 
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CHAPTER V. 

PROCiRESS OF THE ArTS IN THE ISIrDDLE AoES. 

1. /1r/ and Sclencr , — I shall, })oforo I rosinnc the 
history of science, say a few words on the subject 
described in the titles of this cha|)t(‘r, both because 
1 niiji^ht otherwise be accused of doinf>’ injustice* to 
the* i)eriod now treat(*d of; and also, because we sliall 
tluis have, broii<:»ht under onr notice, some circinn- 
stances which w('re im])ortant as the harbinuvrs of 
the revival of ])rou;r(‘ssiv(' knowh'd^v. 

Till* accusation of injustice to the state of scimice 
in th(^ niieMh' a^(‘S, if Me* W(*re to terminate* onr 
snrv(*y of themi witli Avhat has hitherto be*e*n said, 
iniuht lx* nrii'ed from e)bvions to])ics. IIow do we* 
recou’iiise, it mii^ht be* aske*d, in a ]>ictnre of me*re 
e*onfMsion and inystie*ism of thoiiL^ht, of servility ami 
do^*matism of charaeden*, the j)Owe*rs and ac(|nirements 
to whiedi we owe so many e)f the most important in- 
ventie)ns which we ne>w enjoy ? Parediment and ])aper, 
printinj>’ and e*ni»ravinii-, improved aTass and steel, 
<^unpe)wd(‘r, clocks, teleseope*s, the mariner’s (*om])ass, 
the rei’ormed calendar, the* eh'cimal notation, alue'bra, 
tri/.;’onometrv, chemistry, counterpoint, which was 
eepiivalent te) a lU'W creation e)r music: — these are 
all possessie^iis whiedi we* inherit from that whiedi has 
been so disparagingly termed the stationary period. 
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Above all, let us look at the luomuuents of archi- 
tecture of this period ; — the admiration and the 
despair of modern architects, not only for their 
beauty, but for the skill disclosed in their construe- 
tioii. With all these cvklences before us, liow can 
we avoid allowiuo* that the masters of the middle 
a^es uot only made some small prooTOss in astronomy, 
Avhieh has, grud<ifin<>ly as it would seem, been ad- 
mitted in a former Book ; but also that tlu'V were 
no small profieients in other seienees, in oi)ti(*s, in 
harmonies, in physics, and, above' all, in mechanics? 

If, it maybe added, we are allowed in the present 
day, to refer to the perfection of our arts as evidence 
of the advanced state of our physical philosojiliy ; — if 
our steauM'uo'ines, our oas-illumination, our build- 
ings, our navii>ation, our manufactures, ar(‘ cit('d as 
triumphs of scien(*e; — shall not prior inventions, inadi* 
undc'r far heavier disadvanta^*‘('s, — sliall not ^i^iH'atm* 
Avorks, produccMl in an earlier stat(* of knowledi>(‘. 
also be admitted as Avitnesses that tlu' mid<lle aucs 
had their share, and not a small or doubtful one, of 
science ? 

To those (juestions I ansAver, by distinguishing- 
betAveen art, and science in that si'iisi' of oi'iieral 
inductive syst(‘matic truth, Avhich it bears in this 
Avork. To sej)arate and c<»mpare, Avith pnrision, 
these tAVo processes, belonj»'s to th(‘ jihilosophy of 
induction; aiul the atUaupt must lx* reservi'd for 
another jdac(' : but tlx* leadin;»‘ ditlerenc(*s an* suf- 
ficiently obvious. Art is practical, sciejice is spe(‘u- 
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lativc : the former is seen in doing ; the latter rests 
in the contemplation of what is known. The art of 
the builder ai)j)ears in his edifice, though he may 
never liave meditated on the abstract propositions 
on which its sta])ility and strength dej)ends. The 
science of the mathematical mechanician consists in 
his seeing that, under certain conditions, bodies must 
sustain eacli other’s ])ressure, though he may never 
have a[)plied his knowledge in a single case. 

Now the remark which I have to make is this: — 
in all cases tlie arts are ])rior to the related sciences. 
Art is the parent, not the progeny, of science; the 
realization of ])rinciples in practice forms part of 
the jindude, as well as of the secjuel, of theoretical 
discovery. And thus the inventions of the middle 
ag(‘S, wliich liave been above enumerated, tliough at 
the proscMit day they may be portions of our sciences, 
are no eviilence that the sciences then existed; but 
only that those jiowers of ])ractical observation and 
practical skill were at work, which prepare the way 
for theoretical views and scientitic discoveries. 

It may be urged, that the great works of art do 
virtually take for grantiHl principles of science; and 
that, therefore, it is unreasonable to deny science to 
great artists. It may be said, that the grand struc- 
tures of Cologne, or Amiens, or Canterbury, could 
not have been eri'cted without a jirofound knowledge 
of mechanical principles. 

To this we reply, that stfch knowledge is mani- 
festly not of the nature of that which we call science. 
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If the beautiful and skilful structures of the middle 
ages prove that mechanics then existed as a science, 
mechanics must have existed as a science also {iniong 
the builders of the Cyclopean walls of Greece and 
Italy, or of our own Stonehenge ; for the masses which 
are tliere ])iled on each other, could not be raised 
without considerable mechanical skill. But we may 
go much furtlier. The actions of every man mIio 
raises and balances Aveights, or walks along a i>ole, take 
for granted the laws ofrcjuilibriuni ; an<l even animals 
constantly avail themselves of such ])rinciples. Are 
these, then, ac([uainted with inechanics as a science ? 
Again, if actions which are |K.‘rformed by taking 
advantage of mechanical ]>ro]>erties ]>rove a know- 
ledge of the science of meclianics, th(‘y must also 
1)0 allowed tf) prove a knowledge of tiu* science* of 
geometry, Avlien tluw proci'ed on geonudrical ))ro- 
perties. But the most familiar actions of men ami 
animals do this. The K|)i(Mir(*ans h(*ld, as Proclus 
informs us, tliat (‘ven ass(*s kn(*w that two sides of a 
triangle are greater tlian the third. 1'hey may be said 
to hav<* a practical knoA\iedg<» of this; but they hav(‘ 
not, tlK*refore, a science' of geom(‘try. And in lik(* 
nianner among men, if w(» consid(*r tin* matter strictly, 
a practical assumption of a |n inciph* do(‘S not im])ly a 
sp(‘culative knowledge* of it. 

We may, in anoth(*rwav also, show how inadmissi- 
ble are tiu* works of tin* master artists of the mi<hlle 
ages into tlie series of (*vents Avhich mark the advance 
of science. The following maxim is applicable to a 
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history, such as we are here eiidcavouriiig to write. 
Wo are employed in tracing the progress of such 
general principles as constitute each of the sciences 
which we are reviewing; and no facts or subordinate 
truths belong to our scheme, exce])t so far as they 
lead to or are included in these higher principles; 
nor are they important to us, any further than as they 
prove such principles. Now with regard to such pro- 
cesses of art as those which we have referred to, as 
the inventions of the middle ages, let us ask, iduit 
principle each of them illustrates? AVhat chemical 
doctrine rests 1‘or its sup])ort on the phenomena of 
guiH)owder, or glass, or steel ? What new harmoni- 
cal truth was illustratc'd in the Gregorian chant? 
What mechanical ])rinci|)le unknown to Archimedes 
was displayed in th(‘ juinting-press? Th(‘ practical 
value and use, the ingenuity and skill of these in- 
ventions is not (juestioned; but what is their place 
in tlie history of speculative knowledge? Even in 
those cases in Avhi(’h they enter into such a history, 
how minute a figure do they make ! Iioav great is 
the contrast between their practical and theoretical 
importance ! 1'hey may have changed the face of 
the world ; but in the history of the princi[)les of 
the sciences to which they belong, they may be 
omitted without l)eing missed. 

As to tliat ])art of the objection which was stated 
by asking, why, if the arts of our agc^ prove its scien- 
tific eminence, the arts of the middle ages should 
not be received as proof of theirs; we must reply 
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to it, by giving ni) some of tlie pretensions which 
are often put forwards on behalf of the science of 
our timi's. The jierfection of the mechanical and 
other arts among us proves the advanced condition 
of our sciences, only in so far as these arts have 
been perfected by the a2)plieation of some great 
scientific truth, "with a clear insiglit into its nature. 
The greatest improvement of the steam-engine was 
due to the stea<ly ai)prehension of an atmological 
doctrine by Watt ; but what distinct theoretical 2 )rin- 
ci2Jle is illustrated by the beautiful manufactures of 
2»orcelain, or steel, or glass? A chemical view of 
these compounds, which would ex2)hiin the condi- 
tions of success and failure in their manufacture, 
would be of great value in art ; and it would 
also be a novelty in chemical theory; so little 
is the 2'>’‘^'^t‘nt condition of those ^ 

triumph of science she<lding intellectual glory on 
our age. And the same might be said of many, 
or of most, of the processes 6 f the arts as now 2irac- 
tised. 

2 . Arabkob Science. — Having, I trust, established 
the view I have stated, res2)ecting the relation of art 
and science, we shall bo able very ra|)idly to <lis2)ose 
of a number of subjects which otherwise might 
seem to reciuire a detailed notice. Though this dis- 
tinction has been recognised by others, it lias hardly 
been rigorously adhered to, in conse(2uence of the 
indistinct notion of science which has commonly 
2»revailed. Thus Gibbon, in s|)eaking of the know- 
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ledge of the period now under our notice, says', 
“ Much useful experience had been acquired in the 
practice of arts and manufactures ; but the science 
of chemistry owes its origin and improvement to 
the industry of the Saracens. They,” he adds, 
“ first invented and named the alembic for the pur- 
poses of distillation, analysed the substances of the 
three kingdoms of nature, tried the distinction and 
affinities of alcalis and acids, and converted the 
jjoisonous minerals into soft and salutary medicines.” 
Tlie formation and realisation of the notions of ana- 
hfsis and of affinity, were important steps in che- 
mical science, which, as I shall hei’eafter endeavour 
to show, it remained for -the chemists of Europe to 
make at a much later period. If the Arabians had 
done this, they might with justice Jiave been called 
the authoi*s of the science of chemistry ; but no 
doctrines can be adduced from their works which 
give them any title to this eminent distinction. 
Their claims are dissipated at once by the application 
of the maxim above stated. What analysis of theirs 
tended to establish any received principle of chemis- 
try? What tine doctrine concerning the differences 
and affinities of acids and alkalis did they teach ? Wo 
need not wonder if Gibbon, whoso views of the boun- 
daries of scientific chemistry were probably very wide 
anti indistinct, coidd include the arts of the Arabians 
within its domain; but they cannot pass the frontier of 
science if philosophicallydefined, and steadily guarded. 

‘ Decline and Fall, vol. x. p. 43. 

VOL. I. Z 
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The judgment which avc arc thus led to form 
respecting the chemical knowledge of the middle 
ages, and of the Arabians in particular, may serve 
to measure the condition of science in other depart- 
ments ; for chemistry has justly been considered one 
of their strongest ])oints. In botany, anatomy, 
zoology, ojitics, acoustics, avo have still the same 
observation to make, that the ste])s in science Avhich, 
in the order of progress, next folloAved Avhat the 
Greeks had done, Avere left for the Europeans of the 
sixteenth and seA'enteenth centuries. The merits 
and advances of the Arabian jdiilosojdiers in astro- 
nomy and pure mathematics, Ave have already 
described. 

3. E.vpcrmcntal P/iiiomp/ii/ of the Arohiam . — 
The estimate to Avhioh avo have thus been led, of 
the scientific merits of the learned men of the 
middle ages, is much less exalted than that Avhich 
has been formed by many aa liters ; and, among the 
rest, by some of our oavu time. Jiut I am persuaded 
that any attempt to answer the questions just asked, 
AA'ill expose the untenable nature of the higher 
claims Avhich liaAo been advanced in favour of the 
Arabians. ^Ve can deliAcr no .just decision, except 
AA’c AA'ill consent to use the terms of science in a 
strict and precise sense": and if aac do this, avo shall 

* If I iniglit fake the lihorty of criticisiiif' an author 'vlio has 
given a very interesting view of the perifxl in (question (Mafio- 
metaniim L'nvi ilrd, by the Jtev. Cliarles Forster, I wouM 

remark, that in his Avork this caution is perhaps too little oh- 
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find little, either in the particular discoveries or 
general methods of the Arabians, which is important 
in the history of the inductive sciences. 

The credit due to the Arabians for improvements 
in the general mctliods of j)bilosophizing, is a more 
difficult question ; and cannot be discussed at length 
by us, till w’o examine the history of such methods 
in the abstract, which, in the present work, it is not 
our intention to do. But we may observe, that we 
cannot agree with those who rank their merits high 
in this res]»ect. We have already seen, that their 
minds were completely devoured by the worst habits 
of the stationary period, — mysticism and commenta- 
tion. They followed their Greek leadei’s, for the 
most ]>art, with abject servility, and with only that 
kind of acuteness and indej)endent speculation which 
the commentator’s vocation implies. And in their 
choice of the standard subjects of their studies, they 
fixed upon those works, the Physics of Aristotle, 
which have never promoted the progress of science, 


served. Thus, ho says, in speaking of Alhazen (vol. ii. p. 270), 
“ the theory of the telescope may he found in the work of this 
astronomer;” and of another, “ the uses of magnifying glasses 
and telescopes, and the prineijde of tlieir construction, are ex- 
plained in the great work of (Roger) Bacon, with a truth and 
clearness which have commanded universal admiration.” Such, 
phrases would be much too strong, even if used respecting the 
optical doctrines of Kepler, which were yet incom])anil>ly more 
true and clear than those of Bacon. To employ such language, 
in such cases, is to deprive such terms as theory and principles 
ot all meaning. 
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cxcejit SO far as they incited men to refute them ; an 
effect wliich they never j)roduced on the Arabians. 
That the Ai-abiau astronomers made some advances 
beyond the Greeks, we have already stated: the 
two great instances are, the discovery of the motion 
of the sun’s aiiogee by Albategnius, and the dis- 
covery (recently brought to light) of the existence 
of the moon’s second inequality, by Abonl Wefa. 
But we cannot but observe in how different a 
manner they treated tliese discoveries, from that Avith 
Avhicli Hipparchus or Ptolemy would haA'e done. The 
variation of the moon, in particular, instead of being 
incorporated into the system liy means of an epicycle, 
as Ptolemy had done with the evection, Avas alloAved, 
almost immediately, so far as aac can judge, to fall 
into neglect and oblivion : so little Avere the learned 
Arabians prepared to take their lessons from obser- 
vation as Avell as books. That in many subjects 
they made experiments, m.ay easily be alloAved: 
there ne\er aatis a {Kuiod of the earth’s history, and 
least of all a period of commerce and manufactures, 
luxury a)id art, medicine and engineering, in Avhich 
AA’ere not going on innumerable ju’oeesses, Avhicli 
may be termed experiments ; and, in addition to 
these, the Arabians ailo]»ted the ptirsuit of alchemy, 
and the love of exotic plants and animals. But 
they seem to haA’e been so far from being, as has 
been hiaintained’, a [>eoj»lc Avhose “experimental 


“ Maliomctanism Unveiled, ii. 271. 
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intellect” fitted them to form sciences ■which the 
“abstract intellect” of the Greeks failed in pro- 
ducing, that the case appears rather to be, that 
several of the sciences which the Greeks had founded, 
w’cre never even comprehended by the Arabians. 

I do not know any evidence that these pujiils ever 
attained to understand the real principles of me- 
chanics, hydrostatics, and harmonics, Avhich their 
masters had established. At any rate, when these 
sciences again became 2)rogressive, Eurojie had to 
start where Enro])e had stoj)ped. There is no Ara- 
bian name which any one has thought of interposing 
betAveen Archimedes the ancient, and Stevinns and 
Galileo the moderns. 

4. Jto(fcr Bacon. — There is one Avriter of the 
middle ages, on Avhom much stress has been laid, 
and Avho AAas certainly a most remarkable person. 
Roger Bacon’s AA’orks are not only so far beyond his 
age in the knoAvledge Avhieh they contain, but so 
(lifiercnt from the temjier of the times, in his asser- 
tion of the supremacy of exi>eriment, and in his 
contemplation f)f the future progress of knoAvledge, 
that it is diflicult to conceiAO hoAV such a character 
could then exist. That he receiAed much of his 
knoAA'ledge from Arabic Avriters, there can be no 
doubt ; for they AAere in his time the repositories of 
all traditionary knoAvle«lge. But that ho deriA’ed 
from them his disjAosition to shake off the authority 
of Aristotle, to maintain the importance of exjieri- 
ment, and to look upon knoAvledge as in its infancy. 
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I Ciiniiot bolioY(\ hcciiu^o I htivc not myself hit 
upoiif nor scon quoted by others, any passages in 
'wliicli Arabian writers ox])ress such views. On the 
other hand, we do find in European writers, in tlic 
authors of Greece and Rome, the solid sense, the 
bold and hopeful spirit, which suggest such impres- 
sions. We have already seen that Aristotle asserts, 
as distinctly as words can express, that all know- 
ledge must depend on observation, and that science 
must be collected from facts by induction. We 
have seen, too, that the Roman writers, and Seneca 
in ])articular, speak with an enthusiastic confidence 
of the progress which science must make in the 
course of ages. When Roger Bacon holds similar 
language in the thirteenth century, the resemblaiuje 
is probably rather a sym])athy of character, than a 
matter of direett derivation ; but I know’^ of nothing 
which proves even so much of connexion with 
A ral )i an [)h i I oso ph ers. 

A good deal has been said of late, of the coin- 
cidences between his views, and those of his great 
namesake in later times, Francis Bacon*. The r(‘- 
semblaiices consist mainly in such ])oints as I have 
just noticed; and we cannot but acknowledge, that 
many of the exj)ressions of the Franciscan friar 
remind us of the large thoughts and lof’ty phrases 
of the philosophical chancellor. How far the one 
cun be considered as having anticipated the method 

* Ilallani s ISliddic Ages, iii. 5.39. Mahuia. k. ii- 

313 . 
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of tlie otlicr, wc slmll examine more advantageously, 
Avlion we come to consider what the character and 
effect of Francis Bacon’s works really arc. 

5. Architecture of the Middle A(jes » — But though 
\vc arc thus compelled to disallow several of the 
claims which have been put forwards in support of 
the scientific character of the middle Jigcs, there arc 
two ])oints in which mo may, I conceive, really trace 
the progress of scientific id(*as among them; .and 
which, tluu’efore, may l^e considered as the prelude 
to the ])eriod of discoA'ery. I mean their practical 
architecture, and their architectural treatises. 

In a ]>reviou8 chapter of this book, wo have en- 
deavoured to explain how the indistinctness of ideas, 
which attended the decliiie of tlu^ Roman empire, 
appears in the forms of their architecture ; — in the 
disrt?gard, which the decorative construction exhibits, 
of the necessary mechanical conditions of support. 
Tlie original scheme of Greek ornamental architec- 
ture*, had been horizontal masses resting on vertical 
columns: when the arch was introduced by the 
Romans, it Mas concealed, or ke])t in state of sub- 
ordination ; and the lateral snjnport M'hich it required 
Mas supplied latently, masked by some artifice. But 
the struggle betMeen the mechanical and the deco- 
rative construction \ ended in the com\>lete disorga- 
nisation of the classical style. The inconsistencies 
and (*xtravagancies, of M’hich m’o have noticed the 

^ >Soo Mr. AVilll-s’s .'ulinirable Urmark.s' o?i flic Architvclin e ()/' 
file Midtflc -iiir.y, cliap. ii. 
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the occurrence, were results and indications of the 
fall of good architecture. The elements of the 
ancient system had lost all principle of connexion 
and regard to rule. Building became not only a 
mere art, but an art exercised by masters without 
skill, or feeling for real beauty. 

AVhen, after this deep decline, architecture rose 
again, as it did in the twelfth and succeeding cen- 
turies, in the ex(iuisitely beautiful and skilful forms 
of the Gothic style, what Avas the nature of the 
change which had taken jdace, so far as it bears upon 
the progress of science? It was this: — the idea of 
true mechanical relations in an edifice had been 
reA’ived in men’s minds, as far as was requisite for 
the purposes of art and beauty : and this, though a 
A’ery (lifTerent thing from the ])ossession of the idea 
as an element of speculative sciences Avas the proj)er 
prej>aration for that acquisition. The notion of 
suj>port and stability in the decorative construction 
again became conspicuous and universal in the forms 
of building. The eye Avhich, looking for beauty in 
definite and significant relations of parts, is never 
satisfie<l except the Aveights appe^ar to Im' duly sup- 
ported®, Avas again gratified. Architecture threAV^ oil' 
its barbarous characters : a iicav decorative' construc- 
tion Avas matured, not tliAvarting and controlling, but 
assisting and harmonizing Avith the mechanical coii- 

® "Willie, p. — 21. T have tliroiigliout tin’s description of 
the formiition of the (Jotliic style availed myself of Mr. Willis’s 
Mcll-elioson exprosslous. 
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struction. All the omamcntal parts were made to 
enter into the apparent construction. Every mem- 
ber, almost every moulding, became a sustainer of 
weight; and by the multiplicity of props assisting 
each other, and the consequent subdivision of weight, 
the eye was satisfied of the stability of the structure, 
notwithstanding the curiously-slendcr forms of the 
separate j)arts. The arch and the vault, no longer, 
trammelled by an incomi)atible system of decoration, 
l)ut favoured by more tractable forms, Avere only 
limited by the skill of the builders. Everything 
showed that, practically at least, men jiossessed and 
applied, Avith steadiness and pleasure, the idea of 
mechanical pressure and support. 

The possession of this idea, as a principle of art, 
led, in the course of time, to its speculative dcA’e- 
lo[)ement as the foundation of a science ; and thus 
architecture prepared the AAay for mechanics. But 
this adA'ance reejnired several centuries. The in- 
terval betAveen the admiiable cathedrals of Salisbury, 
Amiens, Cologne, and the mechanical treatises of 
Stevinus, is not less than three hundred years. 
During this time, men AA'ere advancing toAAards 
science, but in the meantime, and perhaps from 
the very beginning of the time, art had begun to 
decline. The buildings of the fifteenth century, 
erected Avhen the ])rinciples of mechanical support 
Averc just on the verge of being enunciated in general 
terms, exhibit those principles Avith a far less im- 
pressive simplicity and elegance than those of the 
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thirteenth. We may liereaftev inquire whether we 
find any other exam])les to countenance the belief, 
that the formation of science is commonly accom- 
panied by the decline of art. 

The leading principle of the stylo of the Gothic 
edifices was, not merely that the weights were siqi- 
j)orted, but that they M’cre seen to be so ; and that 
not only the mechanical relations of the larger 
masses, but of the smaller members also, Avere dis- 
played. Hence avc cannot admit as an origin or 
anticipation of tlie Gothic, a stylo in Avhich this 
principle is not manifested. I do not see, in any of 
the representations of the early Arabic buihlings, 
that distributioi\ of weights to supports, and that 
mechanical consistency of ]>arts, which elevates them 
above the character of barbarous architecture. Their 
masses are broken into innumerable mein1)ers, with- 
oiit subordination or meaning, and suggested a]i|)a- 
rently by caprice and the love of tlie marvellous. 
“In the construction of flu-ir nioscpies, it uas a 
favourite artifice of the Arabs to sustain immense 
and ponderous masses of stone by the su|)port of 
])illars so slender, that the incnmltent Aveight seemed, 
as it AA'ciA', suspended in the air by an invisilde 
hand'.” This ]»leasure in the contemplation of ap- 
])arent impossibilities is a very gem*ral disjtosition 
amojig mankind; but it appears to belong to tlie 
infancy, rather tlian the maturity of intellect. Tin* 


' I^hihomctamsm Unveiled, ii. 20a. 



PROGUESS OF THE ARTS. 


347 


pleasure in the contemplation of what is clear, the 
craving for a thorough insight into the reasons of 
things, which marks the European mind, is the 
temper Avhich leads to science. 

6 . Treatises on Architecture. — No one who has 
attended to the architecture which preAailed in 
Ejiglaiid, France, and Germany, from the twelfth to 
the fifteenth century, so far as to com|)rehend its 
beauty, harmony, consistency, and uniformity, even 
in the minutest jtarts and most obscure relations, 
can look upon it otlun-wisc than as a remarkably 
connected and definite artificial system. Nor can 
Ave doubt that it Avas exercised by a class of artists 
Avho formed themselves by laborious stvidv and prac- 
tice, and by communication Avith each other. There 
must have been bodies <if masters and of scliolars, 
discipline, traditions, ])rece])ts of art. IIoav these 
associated artists diHused themseh’es over Europe, 
and Avhether history enables us to tmee them in a 
distiiict form, I shall not here discuss. But the 
('xistence of a course of instruction, and of a body of 
rules of practice, is proAtsl beyond dispute by the 
great series of European cathedrals and churches, so 
iK'arly identical in their general arrangements, and 
in their particular details. The question then occurs, 
have these rules and this system of instruction any- 
Avhere been committed to Avriting? Can Ave, by 
such evidence, trace the progress of the scientific 
idea, of Avhich Ave see the Avorking in these 
huildings ? 
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We are not to be surprised, if, during the most 
flourishing and vigorous period of the art of the 
middle ages, we find none of its precepts in books. 
Art has, in all ages and countries, been taught and 
transmitted by practice and verbal tradition, not by 
writing. It is only in our own times, that the 
thought occurs as familiar, of committing to books 
what we wish to preserve and convey. And, even 
in our own times, most of tlie arts are learned far 
more by practice, and by intercourse witli practi- 
tioners, than by readijig. Such is the case, not only 
with manufactures and handicrafts, but with the fine 
arts, with engineering, and even yet, with that art, 
building, of wliich we are now speaking’. 

We are not, therefore, to wonder, if we liavc no 
treatises on architecture belonging to tin; groat 
period of tlie Gothic masters; — or if it aj)pears to 
have reipiired some other incitement and some other 
help, besides their own possession of their [)ractical 
skill, to lead them to shape into a literary form the 
precepts of the art which they knew so well how to 
exercise: — or if, when tlu‘y did write on such subjects, 
they seem, instead of delivering their own sound 
practical principles, to satisfy themselves Avith pur- 
suing some of the frivolous notions ami sjteculations 
Avhich were then current in the world of letters. 

Such a])pears to be tin; case. The earliest treatis<>s 
on architecture come before us umler tlie form a\ Inch 
the commentatorial spirit of the middle ages insjtired. 
They are translations of Vitruvius, with annotations. 
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111 some of those, particularly that of Cesarc Cesa- 
riauo, published at Como, in 1521, we see, in a very 
curious manner, how the habit of assuming that, in 
every department of literature, the ancients must 
needs be their masters, led these writers to subordi- 
nate the meinl)ers of their own architecture to the 
precepts of the Homan author. We have Gothic 
shafts, moiddings, and arrangements, given as paral- 
lelisms to others, which profess to represent the 
Roman styles but which are, in fact, examjiles of 
that mixed manner which is called the style of the 
cbiijfte cento by tlie Italians, of the rcnamance by the 
French, and which is commonly included in our 
Elizabethan, But in the early architectural works, 
besides the suj)erstitions and mistaken erudition 
which thus eliuked the growth of real arcliitectural 
doctrines, another of the ])eculiar elements of the 
middle ages comes into view; — its mysticism. The 
dimensions and positions of the various parts of 
ediKces and of their members, are determined by 
drawing triangles, squares, circles, and other figures, 
in such a manner as to bound them : and to these 
geometrical figures were assigned many abstruse 
significations. The jdan and the front of the Cathe- 
dral at JMilaii are tlius represented in Cesariano’s 
work, bounded and sul)divided by various equilateral 
triangles ; and it is easy to see, in tlie earnestness 
with which he i)oints out these relations, the evi- 
dence of a fanciful and mystical turn of thought”. 

” The pliiu which he has given, fol. 14, ho has entitled 

Ichuographia Fundanioiiti sacrie ^Edis baricephalae, Gcrmanico 
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We thus find orudition and mysticism take the 
place of mucli of that dcvelopemeiit of the architec- 
tural principles of the middle ages which would be 
so interesting to ns. Still, however, these works 
are by no means without their value. Indeed many 
of the arts ap})ear to flourish not at all the worse, for 
being treated in a manner somewhat mystical ; and 
it may easily be, that the relations of geometrical 
figures, for which fantastical reasons are given, may 
really involve princi[)les of beauty or stability. But 
independently of this, we find, in the best Avorks of 
the architects of all ages (including engineers), evi- 
dence that the true idea of mechanical pressure exists 
among them more distinctly than among men in 
general, although it may not be developed iji a 
scientific form. This is true up to our own time, 
and these arts could not be successfully exercised 
if it Avero not so. II ence the Avri tings of architects 
and engineers during the midtile ages do really form 
a ])relude to the Avriters on scientific mechanics. 
Vitruvius, in his Architedtox^ and Julius Frontinus, 
Avho, under Vespasian, Avrote On A(/nc(luds^ of 
Avhich he Avas superinteiulent, have transmitted to 

more, a Trigono uc l*ari(|ua(lrato porstructa, iiti ctiam ca tput' 
nunc Milani videtur. ’ 

The mjrk of (Jesariaao was traiislattil into (h rniaii hy 
Gualter Kivius, and puhlislicd at Nuremberg, in ld48, under 
the title of Vitruvius 1 eutseh, with copies of the Italian <lia- 
grains. A few ^ears ago, in an article in the AViener Jalu*- 
liiirher (Oct. — !)(<’., 1821), the reviewer maintained, on the 
uutliority of the tliagrams in Jtivius’s book, that (jothio archi- 
tecture had its origin in Uerniany, and not in England. 
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iis the principal [)art of what wo know respecting 
the practical mechanics and hydraulics of the Ilo- 
inans. In modern times the series is resumed. 
The early writers on architecture are also writers on 
engineering, and often on hydrostatics: for ex- 
ample, Leonardo da Vinci wrote on the equilibrium 
of water. And thus we are led uj) to Stevinus of 
Bruges, who was engineer to Prince Maurice of 
Nassau, and inspector of the dykes in Holland ; 
and in whose work, on the })rocesses of his art, is 
contained the first clear modern statement of the 
scientific princi]des of hydrostatics. 

Having thus exidained both the obstacles and the 
]n*os]K‘cts which the middle ages olVered to the 
[)rogress of sciences I now j)roceed to the history of 
the progress, when it was once again resumed. 




BOOK V. 


HISTORY 


FORMAL ASTRONOMY 

AFTEU THE STATIONAKY PEIUOD. 


VOL. I. 


2 A 



, . . Cyc'lopum cducta caminis 

Mseuia conspicio, atque adverse fornice j^ortas. 

Ilis demiim exact is, perfecto inuiiore Diva?, 

Devenere locos lietos et aiiueua vii-eta 
I^ortunatoruiii iicniorum sedesque beatas. 

Harg'ior liic cainpos lother et luiiiiiie vestit 
Purpurco : solemque suum, sua sidcra iioriint. 

A" i HO II., -Ea. vi. C30. 

They leave at length the nether gloom, and stand 
Keforo tlie i)ortals of a better land ; 

To licTppier plains they come, and fair<‘r groves. 

The seats of tlioso whom heaven, benignant, loves ; 

A bi-ighter day, a bluer ether, si>reads 

Its lucid de]>ths above their favoured heads ; 

And, purged front mists that veil our earthly skies, 

♦Shine suns and stars uiiseeu by mui’tul eyes. 
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Of Fw'mal and Physical Astronomy. 

We have thus rapidly traced the causes of the almost 
complete blank uhicli the history of physical science 
offers, from the decline of the Roman empire, for a 
thousand years. Along with the breaking up of the 
ancient forms of society, were broken up the ancient 
energy of thinking, the clearness of idea, and steadi- 
ness of intellectual action. This mental declension 
jnodnced a servile admiration for the genius of the 
better times, and thus, the spirit of commentation : 
Christianity established the claim of truth to govern 
the world; and this j)rincij)le, misinterpreted and 
combined with the ignorance and servility of the 
times, gave rise to the dogmatic; system ; and the 
love of sj)ecnlation, finding no secure and permitted 
path on solid ground, went off into the regions of 
mysticism. 

The causes which produced the inertness and 
blindness of the stationary period of human know- 
ledge, began at last to yield to the influence of the 
prinoi[)les which tended to progression. The indis- 
tinctness of thought, which was the original feature 
in the decliiie of sound knowledge, Avas in a measure 
remedied by the steady cultivatimi of pure mathe- 
matics and astronomy, and by the progress of inveu- 

2 A 2 
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tions in the arts, mLicIi call out and fix the distinct- 
ness of our conceptions of the relations of natural 
phenomena. As men’s minds became clear, they 
became less servile : the perception of the nature of 
truth drew men away from controversies a1)out mere 
opinion ; when they saw distinctly the relations of 
things, they ceased to give their whole attention to 
what had been said concerning them ; and thus, as 
science rose into view, the spirit of commentation 
lost its sway. And when men came to feel what it 
was to think for themselves on subjects of science, 
they soon rebelled against the right of others to im- 
pose opinions upon them. When they tlirew oft* 
their blind admimtioii for the ancients, they were 
disposed to cast away also their ])assive obedience to 
the ancient system of doctrines. When they were 
no longer inspired by the spirit of commentation, 
they Avere no longer submissive to the dogmatism of 
the schools. When they began to feel that they 
could discover truths, they felt also a persuasion of a 
right and a growing will so to do. 

Thus the revived clearness of ideas, which made 
its appearance at the revival of letters, l)rought on a 
struggle with the authority, intellectual and (dvil, of 
the established schools of philosophy. This clearness 
of idea showed itself, in the first instance, in astro- 
nomy, and Avas embodied in the system of Coj)ernicus ; 
but the contest did not come to a crisis till a century 
later, in the time of Galileo and othen* discij)le.s of 
the noAv iloctrine. It is our j)resent business to trace 
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the principles of this series of events in the history 
of philosopliy. 

I do not profess to write a history of astronomy, 
any further than is necessary in order to exhibit the 
principles on Mdiich the progression of science pro- 
ceeds ; and, therefore, I neglect subordinate persons 
and occurrences, in order to bring into view the 
leading features of great changes. Now in the in- 
troduction of the Copernican system into general 
acceptation, two leading views operated upon men’s 
minds ; the consideration of the system as exliibitiug 
tlic a]>parent motions of the universe, and the consi- 
deration of this system with reference to its causes ; — 
the /wv/K/Zand tlie aspect of the theory ; — the 

relations of space and time, and tlie relations of force 
and matter. These two divisions of tlie subject Mere 
at first not clearly sejiarated ; and, indeed, the second 
Mas long mixed, in a manner very dim and obscure, 
Avith the first, M’ithout appearing as a distinct su1)ject 
of attention ; but at last it Mas extricated and treated 
in a manner suitable to its nature. The vieMs of 
Cojiernicus rested mainly on the formal conditions of 
the universe, the relations of space and time; but 
Kepler, Galileo, and others, M ere led, by controversies 
and other causes, to give a gradually increasing 
attention to the physical relations of the heavenly 
bodies ; an imjuilse Mas given to the study of me- 
chanics, (the doctrine of motion,) Mdiich liecanie very 
soon an important and extensive science ; and in no 
long [leriod, the discoveries of Kepler, suggested by 
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a vagvio but intense belief in the physical connexion 
of the parts of the universe, led to tlie decisive and 
sublime generalizations of Newton. 

The distinction formal and i)liysical astronomy 
thus becomes necessary, in order to treat clearly of 
the discussions which the propounding of the Coper- 
nican theory occasioned. But it may be observed 
that, besides this great change, astronomy made very 
great advances in the same path which we have 
already been tracing, namely, the determination of 
the quantities and laws of the celestial motions, in so 
far as they were exhibited by the ancient theories, or 
might be represented by obvious modifications of 
those theories. I speak of new inequalities, new 
phenomena, such as Copernicus, Galileo, and Tycho 
Brahe discovered. As, however, theses were very 
soon referred to the Copernican rather than the 
Ptolemaic hypothesi.s they may be considered as 
developements rather of the new than of the old 
theory ; and I shall, therefore, treat of them, agree- 
ably to the plan of the former part, as the sequel of 
the Copernican induction. 
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CHAPTER I. 


Prelude to the Inductive Epoch of 
Copernicus. 

The doctrine of Copernicus, that the sun is the true 
centre of the celestial motions, depends primarily 
upon tlio consideration that such a supposition ex- 
plains very simply and completely all the obvious 
a]ipearanees of the heavens. In order to see that it 
does tlii.s, nothing’ more is refpusite than a distinct 
conce])tion of tlie nature of relative motion, and a 
knowledge of the ])rincipal astronomical phenomena. 
There was, therefore, no reason why such a doctrine 
might not be discovered, that is, suggested as a theory 
plausible at first sight, long before the time of 
Copernicus ; or rather, it was inevitable that this 
guess, among others, should be pro})ounded as a solu- 
tion of the appearances of the heavens. Wo are 
not, therefore, to be surprised if we find, in the 
earliest times of astronomy, and at various succeed- 
ing periods, such a system spoken of by astronomei’S, 
and maintained by some a.s true, thougli rejected by 
the majority, and by the prinei])al writers. 

When we look back at such a difierence of opi- 
nion, having in our minds, as we unavoidably have. 
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CHAPTER I. 


Prelude to the Inductive Erocii of 
Copernicus. 

The doctrine of Copernicus, that the sun is the true 
centre of the celestial motions, depends primarily 
mion the consideration that such a supposition ex- 
plains very simply and completely all the obvious 
a]>pearauces of the heavens. In order to sec that it 
does this, nothing more is requisite than a distinct 
conce])tion of tlio nature of relative motion, and a 
knowledge of the ])rincipal astronomical phenomena. 
There was, therefore, no reason why such a doctrine 
might not be discovered^ that is, suggested as a theory 
plausible at first sight, long before the time of 
Copernicus ; or rather, it was inevitable that this 
guess, among others, should be pro})ounded as a solu- 
tion of the appearances of the heavens. We are 
not, therefore, to be surprised if we find, in the 
earliest times of astronomy, and at various succeed- 
ing periods, such a system spoken of by astronomei*s, 
and maintained by some as true, though rejected by 
the majority, and by the ]>riiici])al writers. 

When we look back at such a difierence of opi- 
nion, having in our minds, as we unavoidably have. 
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the clear and irresistible considerations by which 
the Copernicau doctrine is established for us, it is 
difficult for us not to attribute superior sagacity and 
candour to those who held that side of the question, 
and to imagine those who clung to the Ptolemaic 
hj-pothesis to have been blind and prejudiced ; — in- 
capable of seeing the beauty of simplicity and sym- 
metry, or indisposed to resign established errors, 
and to accept novel and comprehensive truths. Yet 
in judging thus, we are jirobably ourselves influenced 
by the prejudices of the knoAvledge and I’cceived oi)i- 
nions of our own times. For is it, in reality, clear 
that, before the time of Copernicus, the heliocentric 
theory (that which ])laces the centre of the celestial 
motions in the sun,) had a claim to assent so de- 
cidedly superior to tlie geocentric theory, which 
places the earth in the centre ? ^^'hat is the basis 
of the heliocentric theory ? — That the relative mo- 
tions arc the same, on that and on tlu^ other suppo- 
sition. 8o far, therefore, the two hypotheses are 
exactly on the same footing. But, it is urged, oji 
the heliocentric side we have the advantage of sim- 
plicity; — true; but we have, on the otiuu’, the testi- 
mony of our senses ; that is, the geocentric doctrine 
is the obvious and spontaneous interjAretation of tlu' 
appearances. Both tlu'se arguments, sim])licity on 
the one side, and obviousness on the other, are 
vague, and u'c may venture to say, both indecisive. 
We cannot establish any strong prejionderance of 
probability in favour of the former doctrine, without 
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going much further into the arguments of the 
question. 

Nor, when Ave speak of the superior simjjlicity of 
the Copornican theory, must we forget, that though 
this theory has undoubtedly, in tliis respect, a great 
advantage over the Ptolemaic, yet that tlie Coper- 
nican system itself is very complex, when it under- 
takes to account, as the Ptolemaic did, for the 
inequalities of the motions of the sun, moon, and 
planets; and tliat, in the hands of Copernicus, it 
retained a large share of the eccentrics and epicyles 
of its ]iredecessor, and, in some ])arts, with increased 
machinery. The heliocentric tlieory, Avithout these 
appendages, Avould not approach the Ptolemaic, in 
tlie accurate ex])]anation of facts ; and as those Avho 
placed the sun in the centre had nexevy till the time 
of Copernicus, slioAvn hoAv tlie inequalities AAere to 
be explained on that supposition, Ave may assert that 
after the promulgation of the theory of eccentrics 
and eiiicycles on the geocentric hypothesis, there 
was no pfiblished ludiocentric theory Avhich could 
bear a comparison Avith it. 

It is true, that alt the contriA-ances of epicycles, and 
the lik(', by Avliich the geocentric hypothesis Avas made 
to represent tlie phenomena, AA^ere susceptible of an 
easy adajitation to a heliocentric method, ichen a 
(load mafitematidan had once proposed to himself the 
problem ; and this Avas precisely Avhat Co})ernicus 
undertook and executed. But, till the appearance 
of his Avork, the heliocentric system had never come 
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before the world except as a hasty and imperfect 
hyjiothesis; which bore a favoui’able comparison 
with the phenomena, so long as their general features 
only were known ; but which had been comiiletely 
thrown into the shade by the labour and intelligence 
bestoAA’ed upon the Hipparchian or Ptolemaic theories 
by a long series of great astronomers of all countries. 

But, though the astronomers who, before Coper- 
nicus, held the heliocentric opinion, cannot, on any 
good grounds, be considered as much more enlight- 
ened than their o|)poncnts, it is curious to trace the 
early and repeated manifestations of this view of the 
universe. Its distinct assertion among the Grec ks is 
an evidence of the clearness of their thoughts, and 
the vigour of their minds ; and it is a proof of the 
feebleness and servility of intellect in the stationary 
period, that, till the jieriod of Copernicus, no one 
Avas found to try the fortune of this hypothesis, 
modified according to the improved astronomical 
knoAvledge of the time. 

The most ancient of the Greek ]diilosophers to 
Avhem the ancients ascribe the heliocentric doctrine, 
is Pythagoras ; but Diogenes Laertius makes Philo- 
laus, one of the follouers of Pythagoras, the first 
author of this doctrine. We learn from Archimedes, 
that it AA-as held by his contemporary, Aristarchus. 
“ Arist.archus of Samos,” says lie', “makes this sup- 
position, — that th(^ fixed stars and the sun remain at 


Arcliim Arciiariiis. 
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rest, and that the earth revolves round the sun in a 
circle.” Plutarch® asserts that this, which was only 
a hy])othesis in the hands of Aristarchus, was proved 
by Selcucus ; hut avc may venture to say that, at 
that time, no such proof was possible. Aristotle 
had recognised the existence of this doctrine by 
arguing against it. “ All things,” says lie®, “ tend to 
the centre of the earth, and rest there, and there- 
fore the whole mass of the earth cannot rest except 
theiv.” Ptolemy had in like manner argued against 
the diurnal motion of the earth : such a revolution 
would, he urged, disperse into surrounding space all 
the loose ] tarts of the earth. Yet he allowed that 
such a supposition would facilitate the explanation 
of some phenomena. Cicero a])]iears to make Mer- 
cury and W'juis revolve about the sun, as does Mar- 
tianus Capella at a later jieriod; and Seneca says*, 
it is a worthy sultjt'ct of contemplation, whether the 
earth be sit rest or in motion ; but at this period, as 
we mav see from Heneca himself, that habit of in- 
tellect which was recpiisite for the solution of such 
a (piestion, had been succeeded by indistinct views, 
and rhetorical forms of s{)eech. If there were any 
good mathematicians and good observers at this 
period, they were employed in cultivating and veri- 
fying the Hijiparchian theory. 

Next to the Greeks, the Indians appear to have 

* (^ucst. flat. IWaiiil'. A. A. vi. 

' Copcrnic. i. 7 - * Quest. Nat. vii. 2. 
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possessed that original vigour and clearness of 
thought, from which true science springs. It is 
remarkable that the Indians, also, had their heliocen- 
tric theorists. Aryabatta^ (a.d. 1322), and other 
astronomers of that country, are said to have advo- 
cated the doctrine of the earth’s revolution on its 
axis ; which opinion, hoAvever, was rejected by sub- 
sequent philoso])hers among the Hindoos. 

Some writers have thought that the heliocentric 
doctrine was derived by Pythagoras and other Euro- 
pean philosophers, from some of the oriental nations. 
This opinion, however, will apj)ear to have little 
weight, if we consider that the heliocentric hypothesis, 
in the only shape in which the ancients knew it, was 
too obvious to require much teaching; that it did 
not and could not, so far as we know, receive any 
additional strength from anything whicli the oriental 
nations could teach; and that each astronomer was 
induced to adopt or reject it, not by any informa- 
tion which a master couhl give him, but by his love 
of geometrical simplicity on the one hand, or the 
prejudices of sense on the other. Real science, de- 
pending on a clear view of the relation of jdienomena 
to general theoretical ideas, cannot be communicated 
in the way of secret and exclusive traditions, like 
the mysteries of certain arts and crafts. If the 
philosoj)her do not .see that the theory is true, he is 
little the better for having heard or read the words 
which assert its truth. 

M.ib. U. K. Hist. Ast. i>. 11. 
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It is impossible, therefore, to assent to those views 
which would discover in the heliocentric doctrines 
of the ancients, traces of a more profound astronomy 
than any which they have transmitted to us. Those 
doctrines w ere merely the plausible conjectures of men 
wdth sound geometrical notions ; but they w'ere never 
extended so as to embrace the details of the existing 
astronomical knowledge ; and perhaps w^c may say, 
that the analysis of the phenomena into the arrange- 
ments of the Ptolemaic system, w as so much more 
obvious than any other, that it must necessarily 
come first, in order to form an introduction to the 
Copernican. 

The true foundation of the heliocentric theory for 
the ancients, w^as, as wx‘ have intimated, its perfect 
geometrical consistency with the general features of 
the phenomena, and its simplicity. But it w^as 
unlikely that the human mind would be content to 
consider the subject under this strict and limited 
aspect alone. In its eagerness for w ide speculative 
view s, it naturally looked out for other and vaguer 
principles of connexion and relation. Thus, as it 
had been urged in favour of the geocentric doctrine 
that the heaviest body must be in the centre, it was 
maintained, as a leading recommendation of the 
opposite opinion, that it placed the fire, the noblest 
element, in the centre of the universe. The autho- 
rity of mythological ideas was called in on both sides 
to support these views. Nunia, as Plutarch® in- 

® De Facie in Orbe Luiue. 6. 
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forms us, built a circular temple over the ever-buni- 
ing fire of Vesta; typifying, not the earth, but the 
unh’orse, ■which, according to the Pythagoreans, has 
the fire seated at its centre. The same writer, in 
another of his Avorks, makes one of his interlocutors 
say, “Only, my friend, do not bring mo befoi*e a 
court of law on a charge of impiety ; as Cleanthes 
said, that Aristarchus the Samian ought to be tried 
for impiety, because he removed the homestead of 
the universe.” This, however, seems to have been 
intended as a ]ilcasantry. 

The prevalent physical views, and the o|)inions con- 
cerning the causes of the motions of the parts of the 
universe, were scarcely more definite than those con- 
cerning the relations of the four elements, till Galileo 
had founded the true doctrine of motion. Though, 
therefore, arguments on this ])art of the subject were 
the most important part of the controversy after 
Copernicus, the force of such arguments was at his 
time almost balanced. Even if more had !)een 
known on such subjects, the arguments nould not 
have been conclusive : for instance, the vast mass of 
the heavens, Avhich is urged as a reason why tlie 
heavens do not move round the earth, would not 
make such a motion impossible ; ami, on the other 
hand, the motions of bodies at the earth’s surface, 
Avhich were alleged as inconsistent with its motion, 
did not really disprove such an opinion. J3ut ac- 
cording to the state of the science of motion befiirc* 
Copernicus, all reasonings from such princii)les were 
utterly vague aiid obscure. 



PUELTJDE TO THE EPOCH OF COPERNICUS. 367 


We must not omit to mention a modern who 
preceded Copernicus, in the assertion at least of the 
heliocentric doctrine. This was Nicholas de Cusa, 
a cardinal and bishop, who, in the first half of the 
fifteenth century, was very eminent as a divine and 
mathematician ; and who in a work, ‘‘ De Docta 
Ignorantia,” propounded the doctrine of the motion 
of the earth ; more, however, as a paradox than as 
a reality. We cannot consider this as any anticipa- 
tion of a profound and consistent view of the truth. 

We shall now examine further the promulgation 
of the heliocentric system by Copernicus, and its 
consequences. 



CHAPTER II. 


Induction of Copernicus. — The Heliocentric 
Theory asserted on for3Ial grounds. 

It will be recollected that the formal are op2)osed to 
the physical grounds of a theory ; the former term 
indicating that it gives a satisfactory account of the 
relations of the phenomena in space and time, that 
is, of the motions themselves ; while the latter 
expression implies further that we refer to the causes 
of the motions, the laws of force and matter. The 
strongest of the considerations by which Co})ernicus 
was led to invent and adopt his system of the universe 
were of the former kind. He was dissatisfied, he says, 
in his preface addressed to the Pope, with the want of 
symmetry in the eccentric theory, as it prevailed in 
his days ; and weary of the uncertainty of the mathe- 
matical traditions. He then sought through all the 
W’orks of jihilosophers, whether any had held opinions 
concerning the motions of the w^orld, different from 
those received in the established mathematical 
schools. He found, in ancient authors, accounts of 
Philolaus and others, wdio had asserted the motion 
of the earth. “ Then,” he adds, “ I, too, began to 
meditate concerning the nn>tion of the earth : and 
though it appeared an absurd opinion, yet since I 
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knew tliat, in previous times, otliers had been allowed 
the privilege of feigning what circles they chose, in 
order to explain the phenomena, I conceived that I 
also might take the liberty of trying whether, on the 
supposition of the earth’s motion, it was possible to 
find better explanations than the ancient ones, of 
the revolutions of the celestial orbs. 

“Having then assumed the motions of the earth, 
whicli are hereafter explained, by laborious and long 
observation I at length found, that if the motions of 
the other planets be compared witli the revolution 
of the earth, not only their phenomena follow from 
the sui)[>ositions, Imt also that the several orbs, and 
the whole systenn, are so connected in order and 
magnitude, that no one part can be transposed with- 
out disturbing the rest, and introducing confusion 
into the whoh' universe.” 

Thus the satisfactory explanation of the apparent 
motions of the [)Ianets, and the simjdicity and sym- 
metry of the system, were the grounds on which 
Coi)ernicus adopted his theory ; as the craving for 
tliese qualities was the feeling which led him to seek 
for a new theory. It is manifest that in this, as in 
other cases of discovery, a clear and steady possession 
of abstract ideas, and an aptitude in comju’ehending 
real facts under these general conce])tions, must have 
b('eu leading characters in the discoverers mind, 
lie must have had a good geometrical head, and 
great astronomical knowledge. He must have seen, 
with ])eculiar distinctness, the conscHpiences which 
voL. I. a 
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flowed from his sii])])ositioiis as to the relations of 
space and time, — the aj)parent motions which re- 
sulted from tlie assumed real ones; and ho must 
also have known well all the irregularities of the 
apparent motions for which he had to account. We 
find indications of these qualities in his expressions. 
A steady and calm contemplation of the theory is 
what he asks for, as the main requisite to its reco])- 
tion. If you sn])])Ose the earth to revolve and the 
heaven to be at rest, you will find, he says, .serio 
ammadcertas,"" if you think steadily, that the ap})arent 
diurnal motion Mill folloM'. And after alleging his 
reasons for his system, he says% ‘‘ We are, therefore, 
not ashanic'd to confess, that the M’hole of the space 
Mithin the orbit of the moon, along M’ith the ccmtre 
of the (nirth, movers round tin* sun in a year among 
the other ])lanets ; tlu' magnitude of tlie m orld l)eing 
so gr(*at, that th(‘ distanci* of tlu' earth from the sun 
has no apjxinmt magiiitude M'heii com]>ared M'itb tli(‘ 
sph(M'(' of tli(^ fixed stars.” “All M’hich things, 
though they be difficult and abnost inconc(*ivable, 
and against the opinion of the niajoi-ity, yet, in the 
sequel, by (bid’s favour, Me m ill make eh‘ar(M* than 
the sun, at least to those mIio are not ignorant of 
mathematics.” 

It M ill easily lx? understood, that since the anci(‘nt 
geocentric hv|M)thesis ascribed to the planets tiiosi^ 
motions MhicJi M'ere ajijiarent only, and M'hich really 


l>e He A', p. 1). 
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arose from tlie motion of tlic earth roimcl the sun in 
the new liypothesis, the latter must much simplify the 
planetary tlieory. Kepler‘S enumerates eleven motions 
of the Ptolemaic system, Avhich are at once extermi- 
nated and rendered unnecessary l)y the new system. 
Still, as the real motions, both of the earth and the 
planets, are unequable, it was requisite to have some 
mode of representing tlu^se ineepudities ; and, accord- 
ingly, the ancient theory of eccentrics and epicycles 
was retained, so far as was requisite for this purpose. 
The planets revolved round the sun by means of a 
deferent, and a great and small e])icycle ; or else by 
means of an eccentric and epicycle, modified from 
Ptolemy’s, for reasons Aviuch Ave shall shortly men- 
tion. Tliis mode of re])resenting the motions of the 
planets contimuMl in use, till it was exj)elled by the 
discoveri(‘s of Ivi'pler. 

Besides the daily rotation of the earth on its axis, 
and its annual circuit about tlie sun, Copernicus 
attributed to the axis a ‘Muotion of declination,” by 
Avhich, during tlu» Avliole annual revolution, the pole 
Avas constantly directed toAvards the same ]wt of 
tlu‘ luaiAvns. This (*onstan(*y in the absolute direc- 
tion of the axis, or its moving jairallel to itself, may 
he more correctly vieAved as not indicating any 
separate motion. The axis continues in the same 
direction, because there is nothing to make it change 
its direction; just as a straAv, lying on the surface of 

" Cosin. cn]>. 1. 
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a cup of water, continues to point nearly in the same 
direction when the cup is carried round a room. 
And this was noticed by Copernicus’s adherent, 
Rothman’, a few years after the publication of the 
work De Revolutionibus. “ There is no occasion,” 
he says, in a letter to Tycho Brahe, “ for the triple 
motion of the earth : the annual and diunial motions 
suffice.” This error of Co})ernicus, if it be looked 
upon as an error, arose from his referring the position 
of the axis to a limited sj>ace, which he conceived 
to be carried round the sun along with the earth, 
instead of referring it to fixed or absolute space. 
When, in a planetarium, the earth is carried rouml 
the sun by being fastened to a material radius, it is 
requisite to give a motion to the axis by additiwud 
machinery, in order to enable it to preserre its |)aral- 
lelism. A similar confusion of geometrical concep- 
tion, produced liy a double reference to absolute 
.space and to the centre of revolution, often leads 
persons to dispute whether the moon, which revolves 
about the earth, always turning to it the same face, 
revolves about her axis or no. 

It is also to be noticed that the precession of tlu* 
equinoxes made it necessary to .suppose the axis of 
the earth to be not exactly ])arallel to itself, but to 
deviate from that |)osition by a slight annual differ- 
ence. Copernicus errom'ously supposes the ])r(‘ces- 
sion to be unequable; and his method of e.xj»laining 

’ Tycho. Epist. i. p. Iffl, a. o. laPO. 
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this cliaiige, which is simjiler than that of the 
ancients, becomes more sim]ilc still, when applied to 
the true state of the facts. 

The tendencies of onr speculative nature, which 
cany us oinvards in ])ursuit of symmetry and rule, 
and which thus produced the theory of Copernicus, 
as they produce all theories, jXTpetually show their 
vigour by overshooting tlu^'r mark. They obtain 
something by aiming at much more. They detect 
the order and connexion Avhich exist, by imagining 
relations of order and connexion which have no 
existence. Real discoveries are thus mixed with 
baseless assumptions; profound sagacity is combined 
with fanciful conjecture ; not rarely, or in peculiar 
instances, ))ut commonly, and in most cases; pro- 
bably in all, if we could read tlie thoughts of the 
discoverers as we read the l)ooks of Kej)ler. To try 
wrong guesses is a]){)arently the only way to hit upon 
right ones. The character of the true philosopher 
is, not that he never conjectures hazardously, but that 
his conjectures are clearly conceived and brought 
into rigid contact with facts. lie sees and compares 
distinctly the ideas and the things, — the relations of 
his notions to each other and to phenomena. Under 
these conditions it is not only excusable, but ne- 
cessary for him, to snatch at every semblance of 
general rule; — to try all promising forms of simplicity 
and symmetry. 

Copernicus is not exempt from giving us, in his 
work, an example of this character of the inventive 
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spirit. The axiom tluit the celestial motions must 
be circular and uniforiiL appeared to him to have 
iStrong claims ; and his theory of the inequalities of 
the planetary motions is fashioned upon it. His 
great desire was to apply it more rigidly than 
Ptolemy had done. The time did not come for 
rejecting the axiom, till the observations of Tycho 
Brahe and the calculations of Jveider had been 
made. 

I shall not attemj)t to ex])lain, in detail, Coperni- 
cus’s system of thci ])Ianetary ine()ualities. lie 
retained ejncycles and eccentrics, altering their 
centres of motion ; that is, he retained what was 
true in tlie old system, iranslatiufi it into his own. 
The ])eculiarities ot* liis method consisted in inaking 
such a combination of e])icycle8 as to sui)))ly the 
place of the ecjuant, and to mak(‘ all the motions 
equable about the e(‘ntres of motion. This device* 
was admired for a time, till Jve])ler’s elliptic theory 
exjielled it, with all other forms of the theory of ej)i- 
cycles : but avo must observe that Copernicus Avas 
aAAnrc of some of the discre])ancies av Inch belong(*d to 
that theory as it had,u]) to that time, been ])ro|)ounded. 
In the case of IMercury, Avhich is more eccentric than 
the other jdanets, he makes sii])positions Avhich are 
com])lcx indeed, but Avhich show his perce])tion of 
the imperfection of the common theory; and he 
proposes a ueAv theory of the moon, for the very 
reason which did at last overturn the doctrine of 
epicycles, namely, that the ratio of their distances 
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from the earth at different times was inconsistent 
with the circular hy])otliesis\ 

It is obvious, that, alonj^ with his mathematical 
clearness of view, and In's astronomical knowledge, 
Copernicus must have had great intellectual bold- 
ness and vigour, to conceive and fully develope a 
theory so differemt as his was, from all received doc- 
trines. ITis pupil and expositor, lilK^ticus, says to 
Schener, “ \ beg you to have this opinion concern- 
ing that leariKHl man, my !h-ecoptor; tliat he was an 
ardent admirer and follower of Ptolemy; but Avhen 
he was compelled by phenomena and demonstration, 
he thought he did well to aim at the sanu^ mark at 
M'hicli Ptohuny had aimed, though with a bow and 
shafts of a very ditterent material from his. We 
must recollect Avhat Ptolemy says, Ael B'eXevOepov 
iiivat nj yvcofjii') rov ft^Wovra ([)i\oao(h€iv^ " IIo AvllO is 
to follow ])hilosophy must bi' a freeman in mind.’” 
Kheticus then goes on to defend his master from the 
charge of disres])ect to the anciemts : That tem- 
per,” he says, “ is alien from the disposition of every 
good man, and most es])ecially from the spirit of 
philoso|)hy, and from no one more utterly than from 
my Preceptor. He was very fai* from rashly reject- 
ing the opinions of ancient ])hilosophers, exce])t tor 
weighty reasons and irresistible facts, through any 
love of novelty. Itis years, his gravity of character, 
his excellent learning, his magnanimity and noble- 
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ness of spirit, are very far from having any liability 
to snch a temiier, which belongs eithoj- to youth, or 
to ardent and light tempers, or to those rS>v fieya 
<j>povovvTfav ivl ffempia fiiKpy, ‘who think ninch of them- 
selves and know little,’ as Aristotle says.” Undoubt- 
edly this deterence for the gTcat men , of tlie past, 
joined Avith the talent of seizing the s])irit of their 
methods Avhen the letter of their theories is no 
longer tenable, is the true mental constitution of 
discoverers. 

Besides the intellectual energy Avhieh aaus requi- 
site in order to construct a system of doctrines so 
novtd as those of Copernicus, some courage was 
necessary to the jiublieation of such ojiinions; certain, 
as they Avere, to be met, to a great extent, by rejec- 
tion and dis2)ut<‘, and perhaps liy charges of heresy 
and mischievous tendemey. This last danger, Iioaa- 
ever, must not be judged so great as Ave might infer 
from the angry controA'ersies and acts of authority 
which occurred in Galileo’s time. The dogmatism 
of the stationary period, Avhich identified the cause 
of philosophical and religious truth, had not yet dis- 
tinctly felt itself attacked by the advance of phy- 
sical knoAvledge ; and therehu’e had not begun to 
look Avith alarm on such movements. Still, the 
claims of Scrijiture and of ecclesiastical authority 
were asserted as paramount on all subjects; and it 
Avas obvious that many jiersons would be dis(|uieted 
or offended, Avith the neAV interpretation of many 
scriptural expressions, AA'hich the true theory Avould 
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make necessary. This evil C<)})ernicns a])])ears to 
have foreseen ; and this and otlier causes lono; with- 
held him from ])nhlication. lie was himself an 
ecclesiastic; and, perliaps by the patronage of his 
maternal uncle, was prebendary of the church of 
St. Jolin at Tliorn, and a canon of the chnrcli of 
Frawenburg, in tlie diocese of Ermeland". He was 
a student at Bologna, a professor of mathematics at 
Rome in the year 1500, and afterwards j)ursued his 
studies and observations at Fruembnrg, at tlie montli 
of the Vistula^ Ilis discovery of his system innst 
have occurred before 1507, for in 1548 he informs 
Po|)e Panins the Third, in his dedication, that he had 
kept his l)ook by him for four times the nine years 
recommended by Horace, and then only ))ublished it 
at the earnest entreaty of his friend Cardinal Schom- 
berg, whose letter is j)refixed to the work. “Though 
I know,” he says, “ that the thoughts of a philosojdier 
do not de])end on tlie Judgment of the many, his 
study being to seek ont truth in all things as far as 
that is permitted by (lod to human ri'ason : yet 
when I considered,” he adds, “ how alisnrd my doc- 
trine would appear, I long hesitated whether I sliould 
publisli my book, or whether it were not better to 
follow the examjile of the Pythagoreans and others, 
who delivered their doctrines only liy tradition and 
to friends.” It will be observed that he speaks hero 
of th(^ ojiposition of the established school of astro- 
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nomers, not of divines. 1'he latter, indeed, he 
appears to consider as a less formidable danger. ‘‘ If 
perchance,” lie says at the end of his preface, there 
be /jbaratoXoryoi, \fx\n babblers, who knoM'ing nothing 
of mathematics, yet aasnmo the riglit of judging on 
account of some jdace of Hcripturo jjorversely 
Avrested to tlieir ])ur|)ose, and who blame and attack 
my undertaking ; 1 heed them not, and look u])on 
tlieir Judgments as rash and contemptible.” He 
then goes on to sIioav that the globular ligiire of the 
earth (which Avas, of course, an undis|)uted ])oiut 
among astronomers,) had been opjiosinl on similar 
grounds l)y Lactantius, avIio, though aAvriter of credit 
in other respects, had spokim very childishly in that. 
In another ('jiistle ])refixed to tlio Avork (a|)])arently 
from another hand, and asserted by Kepler' to bo liy 
Andreas Osiamhu*), the reader is remindiMl that the 
hypotheses of astronomers arc' not necessarily as- 
serted to be true, by those aaIio propose them, })ut 
only to be a Avay of rrprcsaitimj (acts. This salvo, 
indeed, a]i])ears to be still the orthodox Catholic 
mode of avoiding the su])])osed theological dihicul- 
ties Avhich are involAed in admitting the motion of 
the earth ; for it is the language used by the Jesuit 
editors of NeAvton. They ])refix to the third book 
of the “ Principia” a declaration that tlicw admit the 
motion of the earth only as a hypothesis, jirofessing 
to obey the decrees of the popes against the motion 


^ tlic iiioUo to Kcpiors l)c Sldla Martis, 
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of the earth : — ‘‘ Latis a smniiiis poiititicihus contra 
tellurismotuni (lecretis nos ohsequi ])rotitemur.” AVe 
may ol)serYe that, in the time of Copernicus, Avhen 
the motion of the earth had not been connected 
with the j)liysieal laws of matter and motion, it 
could not bo considered so distiiudly real as in after 
times. 

The delay of tlie publication of Copernicus’s work 
brouo’ht it to the end of his life : he died in the 
year 1543, in which it was ])ublis]ied‘\ Ilis system 
Avas, howoATu*, to a certain extent, promulgated, and 
his fame ditlnsed before that time. Cardinal Scliom- 
berg, ill his letter of 153G, which has been already 
mentioned, says, Some years ago, Avlieii I heard 
tidings of your merit by the constant re])ort of all 
persons, my aflection for yon was augmented, and 
I congratulated the men of our time, among Avhom 
you flourish in so much honour, hor I had under- 
stood that you Avere not only acquaintiMl Avith the 
discoveries of ancicnit mathematicians, but also had 
formed a new system of the Avorld, in Avliich you 
teach that the earth moves, the sun occupies the 
lowest, and consecpumtly, the middle place, the 
sphere of the fixed stars remains immoveable and 
fixed.” He then jiroceeds to entreat him earnestly 
to jiublish his Avork. The book appears to have been 
Avritteu in 1589', and is stated to have been sent in 
1540 by Achilles P. Cessarus of Feldkirch to Dr. 
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Vogelinns of Constance, as a j^jilingenesia, or new 
birth of astronomy. At the end of the Dc Revo- 
liitionibus is tlie “ Narratio” of Rheticus, already 
quoted. Rheticus, it appears, went to Copernicus 
for the purpose of studying his theory, and speaks 
of his “ Preceptor” with strong admiration, as we 
have seen. “ lie appears to me,” says he, “ more to 
resemble Ptolemy than any other astronomer.” This, 
it must be recollected, was selecting the highest 
known subject of coni])arison. 
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Sequel to Copernicus. — ^The Reception and De- 

VELOPEMENT OF THE CoPERNICAN THEORY. 


Sect, 1 . — First Reception of the Copernican Theory. 

The theories of Copernicus made tlieir way among 
astronomers, in the manner in which true theories 
ahvays obtain the assent of competent judges. They 
led to the construction of tables of the motion of the 
sun, moon, and planets, as the theories of Hippar- 
chus and Ptolemy had done ; and the verification of 
these doctrines was to be looked for, from the agree- 
ment of these tables with observation, through a 
sufKcieut course of time. The work “ De Revolu- 
tionibus” contains such tables. In 1551 Reinhold 

% 

improved and republished tables founded on the 
lirinciiiles of Copernicus. “ ^Ve owe,” he says in his 
preface, “great obligations to Copernicus, both for 
his laborious observations, and for restoring the doc- 
trine of the IMotions. But though his geometry is 
perfect, the good old man appears to have been, at 
times, careless in his numerical calculations. 1 have, 
therefore, recalculated the whole, from a comparison 
of his observations with those of Ptolemy and others, 
following nothing but the general plan of Copern i- 
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ciis’s demonstrations.” Tiiesc Prutciiie taldes were 
republished in 1571 and 1585, and continued in re- 
pute for some time ; till superseded by the Rudolph- 
ine tables of Kepler in 1G27. The name Pru- 
tenic, or Prussian, may be considered as a tribute 
to the fame of Copernicus, for it shows that his dis- 
coveries had ins})ired his countrymen m ith the ambi- 
tion of claiming a ])lace in the literary community of 
Europe. In something of the same spirit, Rheticus 
wrote an ‘‘ Encomium Bornssia^,” wliich amis published 
along Avith his Narratio.” 

The tables founded n])on the Copernican system 
Avere, at first, much imm* gcnu'rally adopted than the 
heliocentric doctrine on AAdiich tl)ey Averc? founded. 
Thus INIagin ']ni1)1ished at Vcmice, in 1587, ‘‘ Noav 
Tlieories of the Celestial Orbits, agroeijig Avith the 
Observations of Nicholas Co]>erniciis.” But in the 
preface, after ])raising Copernicus, he says, “ Since, 
lioAveATr, he, either for the sake of shoAving liis talents, 
or induced by his oavu reasons, has revived the opinion 
of Nicetas, Aristarchus, and others, concerning the 
motion of the earth, and has disturl)ed the established 
constitution of the Avorld, Avhicli was a reason Avhy 
many rejected, or received Avith dislike, his hypothe- 
ses, I luwe thought it Avorth A\ hil(*, that, rejecting the 
suppositions of Copernicus, J sliould accommodate 
other causes to his observations, and to the Prutenic 
taldes.” 

This doctrine, lioAvoATr, Avas, as Ave have shoAvn, 
received Avith favour by many persons, even liefore 
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its general pnbiicatioiK We have already seen the 
enthusiasm with which Rheticus, who was liis pupil 
in the latter years of his life, speaks of him. “ Thus,” 
says he, “ God has given to my excellent prece])tor 
a reign witliout end ; which may he vouchsafe to 
guide, govern, and increase, to the restoration of 
astronom ical truth. Amen.” 

Of tlie immediate coiwerts of the Copernicau 
system, who adojdcd it hefore the controversy on the 
subject liad attracted attention, I shall only add 
]\TcCstlin, and his ])iij)i], Kejder. Ma^stlin published 
in 1588 an “ Epitouie Astronomia',” in which the 
immobility of the earth is asserted; but in 159G he 
edited Kepler’s Mysterium Cosmogra]diicum,” and 
the “ Narratio” of Rheticus; and in an e])istlo of his 
own, which ho inserts, lie defends the Copernican 
system by those jiliysical n^asonings wliicli we shall 
shortly have to mention, as the usual arguments in 
this dis|)ute. Kepler himself, in the outset of the 
Avork Just named, says, “ When 1 was at Tubingen, 
attending to Michael ^Micstlin, being disturbed by 
the manifold inconveniences of the usual opinion 
(‘oncerning the Avorld, I was so delighted Avitli Coper- 
nicus, of whom he made gn'at mention in his lec- 
tures, that I not only defended his oiunions in our 
disputations of the candidates, but Avroti^ a thesis 
concerning the First Motion which is jiroduced by 
the rcA^olution of tlie earth.” This must have been 
in 1590. 

The differences of opinion respecting the Coperni- 
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can system, of which wc thus see traces, led to a 
controversy of some length and extent. This con- 
troversy turned principally u})on physical considera- 
tions, which were much more distinctly dealt with 
by Kepler, and others of the follower of Copernicus, 
than they had been by the discoverer himself. I 
shall, therefoi'o, give a sepamte considei'ation to this 
part of the subject. It may be proper, however, in 
the first place, to make a few observations on the 
progress of the doctrine, independently of these phy- 
sical speculations. 


Sect, 2 . — Diffusion of the Copernican Theory, 

The diffusion of the Copernican opinions in the 
world did not take place rapidly at first. Ttideed, it 
was necessarily some time before the progress of 
observation, and of theoretical mechanics, gave the 
heliocentric doctrine that sujieriority in argument, 
which now makes us wonder that men should have 
hesitated when it was presented to them. Yet there 
were some s]>ccidators of this kind, wdio were at- 
tracted at once by the eidarged views of the universe 
Avhich it opened to them. Among these was the 
unfortunate Giordano Bruno of Nola, who was burnt 
as a heretic at Rome in 1600. The heresies which 
led to his unhaj)py fate were, however, not his astro- 
nomical o])inions, but a Mork which he pul)lished in 
England, and dedicated to Sir i^lnli[) Sydney, under 
the title of “ Spaccio della Bestia Trionfante,” 
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and which is understood to contain a hitter satire of 
the Catholic religion and the pa2)al government. 
Montucla conceives that, by his I’ashness in visiting 
Italy after jmtting forth such a work, he compelled 
the government to act against him. Bruno em- 
braced the Copernican oj^inions at an early jjeriod, 
and connected with them the belief in innumerable 
worlds besides that which we inhabit ; as also cer- 
tain metajihysical or theological doctrines, which he 
called the Nolan jihilosojdxy. In 1591 he published 
“ Do innumerabilibus Miindis et infigurabili, sen de 
Universo et Mundis,” in which ho maintains that 
each star is a sun, about wlxich revolve ixlanets like 
our eartli ; but this opinion is mixed up with a large 
mass of baseless verbal speculations. 

Giordano Bruno is a discijxlc of Copernicus on 
Avhom W'o may bxok with ixeculiar interest, since he 
probably had a considerable share in introducing the 
now opinions into England'. He visited this coun- 
tiy in the reign of Queen Elizabeth, and s^xeaks of 
her and of her councillors in terms of jxraise, which 
appear to show that his book Avas intended for 
English readers ; though ho describes the mob Avhich 
Avas usually to be met Avith in the streets of London, 
Avith expressions of great disgust: “Una idebe la 
quale in cssere irresjxettevole, incivile, rozza, rustica, 
selvatica, et male allcAaita, non cede; ad altra che 

‘ See Burton’s Auat. Mel., Pref. “ Some prodigio\is tenet or 
paradox of the earth’s motion,” &o. “ Bruno,” &e. 
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pascer possa la terra iiel suo seno‘.” The work 
to which I refer is “ La Cena de le Cenere,” 
and naiTates what took place at a supper held on 
the evening of Ash Wednesday (about 1583, see 
p. 145), at the house of Sir Fulk Greville, in order 
to give “ II Nolauo” an opportunity of defending his 
peculiar opinions. His principal antagonists are two 
“ Dottori d’ Oxonia,” whom Bruno calls Nuudinio and 
Torquato. The subject is not treated in any very 
masterly manner on either side ; but tlie author makes 
himself have greatly the ad vantage not only in argu- 
ment, but in temper and courtesy : and in support of 
his representations of “ ])edantesca, ostinatissima 
ignoranza et presunzione, mista con una rustica inci- 
vilita, die furelibe provaricar la pazienza di Giobbe,” 
in his opponents, ho refers to a public disputation 
which he had held at Oxford Avith these doctors of 
theology, in presence of Prince Alasco, and many of 
the English nobility^. 

Among the evidences of the difficulties uhieh still 
lay in the way of the reception of the C'opernican 
system, we may notice Bacon, who, as is well known, 
constantly refused liis assent to it. It is to be ob- 
served, however, that he does not reject the ojiinion 
of the earth’s motion in so peremptory and dogmatical 
a manner as ho is sometimes accused of doing: 
thus in the “ Thema Coeli” he says, “ The earth, 
then, being supposed to be at rest (for that now 


“ Opere di Giordano Bruno, vol. i. p. 14G. 


’ vol. i. p. 179- 
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appears to us tlic more true opinion).” And in his 
tract “ On the Cause of the Tides,” he says, “ If the 
tide of the sea be the extreme and dimished limit of 
the diurnal motion of the heavens, it will follow that 
the earth is immovable ; or at least that it moves 
with a much slower motion than the water.” In 
the “ Dcscriptio Globi Intellectualis” he gives his 
reasons for not acce[)ting the heliocentric theory. 

In the system of Copernicus there are many and 
grave difficulties : for the threefold motion with 
which he encumbers the earth is a serious incon- 
venience ; and the separation of the sun from the 
planets, Avith udiich he has so many affections in 
common, is likewise a harsh ste[): and the intro- 
duction of so many immovable liodies into nature, as 
when he makes the sun and the stars immovable, the 
bodies Avhich are peculiarly lucid and radiant ; and 
his making the moon adhere to tlu^ eartli in a sort 
of epicycle; and some other things Avhich ho as- 
sumes, are ]irocoeding8 Avhicli mark a man Avho 
thinks notliing of introducing fictions of any kind 
into nature, provided his calculations turn out Avell.” 
Wo have already explained that, in attributing three 
motions to the earth, Coi)ernieus had ])rcsonted his 
system encumbered Avitli a complexity not really 
belonging to it. But it Aiill be seen shortly, that 
Bacon’s fundamental objection to this system Avas his 
Avish for a system AAdiich could be sii])ported by sound 
jdiysical considerations ; and it must be alhoved, that 
at the period of a\ liicli Ave are speaking, this had not yet 
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been done in favour of the Copernican Jiypotliesis. 
We may add, however, that it is not quite clear that 
Bacon was in full possession of the details of the 
astronomical systems which that of Copernicus was 
intended to supei’sede ; and that thus he, 2)erhai)S, did 
not see how’ much less harsh were these fictions, as he 
called them, than those which were the inevitable 
alternatives. Perhai)s he might even be liable to a 
little of that indistinctness, with res2)cct to strictly 
geometrical conccjitions, which we have remarked in 
Aristotle. We can hardly otherwise account for his 
not seeing any use in resolving the ap2)arently irre- 
gular motion of a planet into sei)aratc regular mo- 
tions. Yet he speaks slightingly of this important 
stepL “ The motion of planets, which is constantly 
talked of as the motion of regression, or renitency, 
from west to east, and which is ascribed to the 
planets as a proper motion, is not true ; but only 
arises from appearance, from the greater advance 
of the starry heavens towards the west, by which 
the jdanets are left behind to the east.” Un- 
doubtedly those who spoke of such a motion of 
regression, were aware of this ; but they saw how 
the motion was simplified by this way of conceiving 
it, w’hich Bacon seems not to have seen. Though, 
therefore, we may admire Bacon for the stedfastness 
with which he looked forwards to physical astronomy 
as the great and proper object of jfiiilosophical inte- 
rest, M'e cannot give him cz’edit for seeing the full 

■* 'J'heina Cceli, p. 24i), 
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value and meaning of what had been done, up to his 
time, in Formal Astronomy. 

Bacon’s contemporary, Gilbert, whom he fre- 
quently praises as a philosopher, was much more 
disposed to adopt the Copernican opinions, though 
even ho does not appear to Lave made up his mind 
to assent to the whole of the system. In his work, 
‘‘ De Magneta,” (printed IGOO,) he gives the prin- 
cipal arguments in favour of the Copernican system, 
and decides that the earth revolves on its axis\ He 
connects this opinion witlj liis magnetic doctrines; 
and especially endeavours by that means to account 
for the precession of the equinoxes. But he does 
not seem to have been equally confident of its 
annual motion. In a posthumous work, published 
in 1651, De Muudo Nostro Sublunari Philosophia 
Nova,”) he appears to hesitate between the systems 
of Tycho and Copernicus®. Indeed, it is probable 
that at this i)criod many i)ersons were in a state of 
doubt on such subjects. Milton, at a period some- 
what later, appears to have been still undecided. 
In the opening of the eighth book of the Paradise 
Lost, he makes Adam state the diflficulties of the 
Ptolemaic hypothesis, to which the archangel Ra- 
phael opposes the usual answers; but afterwards 
suggests to his ])U])il the newer system : 

» . . . AVhiit it' seventh to those 

The planet earth, so stedfast though she seem, 

Insensibly three different motions move ? 

P. L. b. viii. 


* Lib. vi. cap. 3, 4. 


^ Lib. ii. cap. 20. 
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IVIilton’s leaning;’, however, scenis to have been for 
the new system ; we can haivlly heheve that he 
would otherwise have conceived so distinctly, and 
described with such obvious pleasure, the motion of 
the earth : 

Or slie from ^vost licr silent co\irse advance 
AVitli inofteiisivc pace, that spinning sleeps 
On her soft axle, ’while she paces even, 

And hoars thee soft with the smooth air along. 

l\ L, h. viii. 


Pcrha})S the works of the celebrated Bishop Wil- 
kins tended more tliaii any others to the diffusion of 
the Copernican system in Ihiolaiid, since eA'en their 
exti-avaganoi(‘S drev' a stronger attention to tliem. 
In 1088, n lien lie was only tAventy-four years old, he 
published a book entitled ‘‘ Tlie Discovery of a Noav 
World ; or, a Discourse tending to jirove that it is 
pi’obable there may be another habitable World in 
the Moon; Avith a Discourse concerning the possi- 
bility of n passage thither." 'I’he latter [lart of his 
subject Avas, of course, an olivious mark for the 
sneers and Avitticisms of critics. Two years after- 
Avai’ds, in 1040, a])peared his “ Discourse concerning 
a ncAV Planet; tending- to proAc that it is jirobable 
our Earth is one of the Planets:” in which he urged 
the reasons in fiivour of the heliocentric system ; and 
explained away the opposite arguments, especially 
those draAvn from the supposed declarations of Scrip- 
ture. Probably a good deal Avas done for the esta- 
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blislimeiit of tlioso opinions by Thomas Salusbury, 
■who was a warm admirer of Galileo, and published, 
in 1661, a translation of several of liis works bearing’ 
upon this subject. I’lie niatlieinaticians of this 
country, in the seventeenth century, as Naj)ier and 
Briggs, Ilorrox and Crabtree, Oughtred and Ward, 
Wallis and Wren, were probably all decided Coper- 
nicans. Ke])ler dedicates one of his works to 
Napier, and Ward invented an a])])roxiniate method 
of solving Kc])ler’s problem, still known as “ the 
simple elliptical hypothesis.” Ilorrox wrote, and 
wrote Avell, in defence of the Copernican opinion, in 
his “ Keplerian Astronomy dehnuled and promoted,” 
composed (in Latin) jirobably about 1635, but not 
l)ublished till 1673, the author having died at the 
age of twenty-two, and his papers having been lost. 
But Salusbury’s work was calculated for another 
circle of readers. “ The book,” he says in the intro- 
ductory address, “being, for subject and design, 
intended chiclly for gentlemen, I have been as care- 
less of using a studied pedantry in my style, as 
careful in contriving a [)leasant and beautiful im- 
pri'ssion.” In order, however, to judge of the 
advantage under which the Coj^eruican system now 
came forwards, wi* must consider the additional 
evidence for it whi(di was 1)rought to light by 
Galileo’s astronomical discoveries. 
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Sect. 3 . — The Heliocentric Them'y confirmed by Facts. 

Galileo's Astr09ioniical Discoveries. 

The long interval which elapsed between the last 
great discoveries made by the ancients and the first 
made by the moderns, had afforded amj)le time for 
the developement of all the impoi-tant consequences 
of the ancient doctrines. But when the human 
mind had been thoroughly roused again into acti- 
vity, this w'as no longer the course of events. Dis- 
coveries crowded on each other; one wide field of 
speculation was only just opened up, when a richer 
promise tempted the labourers away into another 
quarter. Hence the history of this ]>eriod contains 
the beginnings of many sciences, but exhibits none 
fully worked out into a complete or final form. Thus 
statics, soon after its revival, was eclipsed and over- 
laid by dynamics ; and the Copernican system, con- 
sidered merely with reference to the views of its 
author, was absorbed in the commanding interest of 
physical astronomy. 

Still, advances were made Avhich had an important 
bearing on the heliocentric theory, in other ways than 
by throwing light upon its physical principles. I speak 
of the new views of the heavens which the telescope 
gave ; the visible inequalities of the moon’s surface ; 
the moon-like phases of the planet Venus; the dis- 
covery of the satellites of Jupiter, and of the ring of 
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Saturn. Those discoveries excited at the time the 
strongest interest ; both from the novelty and beauty 
of the objects they ]n-esented to the sense ; from the 
way in which they seemed to gratify )nan’s cuiiosity 
with regard to the remote ])arts of the universe ; and 
also from that of which wo have here to speak, their 
bearing upon the conflict of the old and the new 
philosoph)', the heliocentric and geocentric theories. 
It may be true, as Lagrange and Montucla say, that 
the laws which (lalileo «liscovered in mechanics 
implied a profoundev genius than the novelties he 
detected in the sky: but the latter naturally attracted 
the greater sliare of the attention of the norld, and 
were matter of keener discussion. 

It is not to our ])urpose to s])oak here of the details 
and occasion of the invention of the telesco])e; it is 
well known that Galileo constructed his about 1609, 
and proceeded immediately to apply it to the heavens. 
The discovery of the satellites of .Jupiter was almost 
immediately the reward of this activity : and these 
were announced in his Nuncius Sidereus, published 
at Venice in 1610. The title of this work will best 
convey an idea of the claim it made to ])ublic notice : 
“ The Sidereal Messenger, announcing great and very 
wonderful spectacles, and oifering them to the con- 
sideration of every one, but es])ecially of [)hilosopliers 
and astronomers; which have been observed by 
Galileo Galilei, &c. &c., by the assistance of a per- 
spective glass lately invented by him ; namely, in 
the face of the moon, in innumerable fixed stars 
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in the milky way, in nohulous stars, hut especially 
in four planets which revolve round Jupiter at dif- 
ferent intervals and peiiods with a wonderful cele- 
rity; which, hitherto not known to any one, the 
author has recently been the first to detect, and has 
decretal to call the Mcdiccan stars.” 

The interest this discovery excited was intense: 
and men were at this period so little habituated to 
accommodate their convictions on matters of science 
to ncwly-ol)served facts, that several of “ the pajter- 
philosojdiers,” as flalileo termed them, appear to have 
thought they could get rid of these lu'w objects by 
writing books against them. 1'he elK'ct wliicli the 
discovery had upon the rece])tion of the Co]K*rnican 
system was immediately veuy considerable. It 
showed that the real universi* was very dilferent 
from that which ancient jdiilosophers had imagined, 
and suggested at once the thought that it contained 
mechanism more Aarious and more vast than had 
yet l)een conjectured. And when the system of 
the planet Ju})iter thus offm-ed to the bodily eye a 
model or iniage of the solar system according to the 
views of Copernicus, it su]*ported the belief of such 
an arrangement of the planets, by an analogy all but 
irresistible. It thus, as a writer' of our own times 
has said, “ gave the hokUnff tarn to the opinions of 
mankind respecting the Copernican system.” We 
may trace this eftcct in Bacon, even though he does 


' ,Sir J. llcrschcl. 
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not assent to the motion of the earth. Wo affirm,” 
he says”, ‘Hlie smi-follotvhifi nrra9iffc?nent {mV\HQi\\\mm) 
of Venus and IMercuiy; since it has been found l)y 
Galileo that .fiipiter also has attendants.” 

The “ Nuncius Sidereus” contained other dis- 
coveries Avliicli had tlu' same tendency in other ways. 
Tlie examination of the moon showed, or at least 
seemed to sliow, that she Avas a solid body, Avith a 
surface extremely rupfoed and irreoular. This, 
thouoh peiha])S not bearinf>* directly ii|)()n the ques- 
tion of the hcdioccmtric tlieory, was yet a bloAv to 
the Aristotelians, avIio had, in tlieir ])]iilosopliy, made 
the moon a laxly of a kind altogether difiorent from 
this, and had given an abundant quantity of reasons 
for the visible marks on lier surta(*e, till proceeding 
on these ])reeonceived views. Otlnu’s of his dis- 
coATU'ies ])r()duced the snine elfect ; for instance, the 
ncAv stars invisible to tlie naked eye, and those 
extraordinary ap])earances called nebula\ 

But before tlu' end of th(> year, (ialileo had neAv 
information to communicate, bearing more decidedly 
on the Copernican controversy. This intelligence Avas 
indeed decisive Avith regard to tlu' inotien of Venus 
about the sun ; for he found that that ])lanet, in the 
course of her revolution, assumes the same succession 
of ])hases Avhich the moon exhibits in the course of 
a month. This lu‘ expressed by a Latin verse : 

Cyntliiiic figuras a'lniilatur niator ainoruni : 

The cjuecii of love like CViitlua shapes her forms : 

" Thcma Cocli, ix. p. 253. 
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transposing the letters of this line in the published 
account, according to the practice of the age ; which 
thus showed the ancient love for combining verbal 
})uzzles with scientific discoveries, while it betrayed 
the newer feeling, of jealousy res 2 )ecting the priority 
of discovery of physical facts. 

It had always been a formidable objection to the 
Cojiernican theory that this a2>])eai‘ancc of the jdanets 
had not been obsorve<l. The author of that theory 
had endeavoured to account for this, by sin)])osing 
that the rays of the sun ]>assed freely through the 
body of the })lanct, and Galileo takes occasion to 
{iraise him for not being deterred from adopting 
the system which, on the A\hole, a])])eared to .agree 
best with the jdienomen.a, by meeting Avith some 
Avhich it did not enable him to ex])lain". Yt't Avhile 
the fate of the theory Avas yet undecided, this could 
not but be looked upon as a weak jioint in its defences. 

The objection, in another form also, A\as embarrass- 
ing alike to the Ptolemaic and Co])ernican systems 
Why, it Avas asked, did not Venus ai)pear four times 
as large Avhen near her jierigec', as Avhen near her apo- 
gee ? The author of the epistle ])refi.\'ed to t'openii- 
cus’s AA'ork h.ad taken refuge in this argument from 
the danger of being supposc<l to believe in the reality 
of the system ; and Bruno had uttem])tcd to anSAver 
it by saying, that. luminous bodies AA ere not governed 
by the same laAvs of j)ersj)ective as <ij)a(|ue ones. 
But a more satisfactory ansAver miAv readily offered 

“ L. U. K. Life of G'.aIilco, p. 35. 
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itself. V'^enns does not appear four times as large 
when she is four times as near, because her briciht 
part is not four times as large, though her visible 
diameter is ; and as she is too small for us to see 
her shape, we Judge of her size only by the quantity 
of light. 

The other great discoveries made in the heavens 
by means of telescopes, as that of Saturn’s ring and 
his satellites, the spots in the sun, and others, belong 
to the further progress of astronomy. But we may 
here observe, that this doctrine of the motion of 
Mercury and Venus about the sun was further con- 
firmed by Kepler’s observation of the transit of the 
former jilauet over the sun in 1631. Our country- 
man Ilorrox was the first person who, in 1639, had 
the satisfiiction of seeing a transit of Venus. 

These events are a remarkable instance of the 
way in which a discovery in art, (for at this jieriod, 
the making of telescopes must be mainly so con- 
sidered,) may influence the jirogress of science. We 
shall soon have to notice a still more remarkable 
examjde of the way in which two sciences (astro- 
nomy and mechanics) may influence and promote 
the progress of each other. 

Sect. 4 . — The Copernican Spstem opposed on 
Theological Grounds. 

We have seen that the doctrines [)romulgated by 
Co])ernicus excited no visilile alarm among the 
theologians of his own time ; and we have assigned 
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as a reason for tliis, that tliose m iio were disposed to 
assert the sway of authority in all matters of belief, 
had not yet been roused and ruffled by the aggres- 
sions of innovators in ])hilosophy and religion, as 
they soon afterwards .were. Probably, also, we ought 
to take into account the diftereut temper and cir- 
cumstances of the ultramontane and Italian learned 
men. The latter, living under the immediate shadow 
of the papal chair, were necessarily less bold in their 
speculations, and less open in their promulgation of 
any o2)inions which might have a taint of heresy. 
This influence operated less strongly in Poland and 
Germany ; and we find no evidence Avhich leads us 
to deny to these countries the glory of having re- 
ceived the Co})ernican system of the world, from the 
first, Avith satislaction, and Avitliout bigoted o])})0- 
sition. The great religious reform which had its 
rise in Germany about the time of the jiromulgation 
of the Co])crnican system, showed sufficiently that 
that Avas the land Avhere opinions Avould assert their 
freedom; and Avhere authority could not, AAdth pru- 
dence, urge superHuous claims. 

But in Italy the church entertained the persuasion 
that her authority could not be u])held at all, Avith- 
out maintaining it to be supreme on all points. The 
spirit of dogmatisin of the middle ages, Avhich Ave 
have already endeavoured to characterize, had de- 
scended upon the ecclesiastical institutions of the 
seventeenth century; and in consistency Avith that 
s])irit, it Avas criminal to disturb received doctrines, 
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or to separate philosopliy from religion. The tenet 
of the earth being at rest in the centre of the uni- 
verso, was not only a part of the establislied school- 
philosophy, but was also, it was conceived, sanctioned 
by Scripture. The Copcriiican system, therefore, so 
far as it came into view, was looked at with sus- 
picion and aversion. But though this system is 
afterwards, in the official condemnation of it, spoken 
of as ‘‘ entertained by many,’’ it never came under 
the notice of the spiritual judges in any conspicuous 
manner, till it had been illustrated by Galileo’s 
discoveries, and recommended by his Avritings. 

The story of thc^ (‘.ondemnation of (Jalileo by the 
Inquisition, for asserting tlie motion of the earth, 
and of his formal renunciation of this doctrine in 
the presence of his judges, has been so often told, 
tljat I need jiot liere repeat the details. It rather 
belongs to our ])ur])oso to consider what lessons may 
be gathered from it Avith regard to the ju’ogress of 
science. 

One reilection Avhich occurs is, that both Galileo’s 
behaviour and that of his judges, apjiear to disclose 
some Italian traits of character. ''J’he assumption of 
suprenie authority in all matters of oj)inion, an 
assum])tion unsuited to the ])OAAd’s and condition of 
man, had led, it Avould seem, to a kind of artificial 
state of com promise, in Avhich men’s published opi- 
nions Avere treated as a ])oint of decorum oidy, the 
truth being left out of consideration. Thus Galileo 
seems to liaAX' expected that the ilimsiest veil of 
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pi’ofessed submission in liis belief would enable his 
arguments in fiivonr of the Copernican doctrine to 
pass unvisited; and the inquisitors were satisfied 
wdth a renunciation which they could not believe to 
be sincere. This artificial state, again, was probably 
one occasion of the furtive mode of insinuating his 
doctrines, so much employed by Galileo, which some 
of his historians admire as subtle irony, and others 
blame as insincerity. Nor do wo see anything to 
lead us to believe that Galileo was not at all times 
ready to make such submissions as the spiritual tri- 
bunals required ; although undoubtedly he was also 
very desirous of promoting the cause of wliat he 
conceived to be philosophical truth. The same 
absence of earnestness ap])ears on the other sides in 
the courtesy and indulgence with which, as is now 
almost universally allowed, Galileo was treated 
throughout the course of the proceedings against 
him. For his being confined in the dungeons of the 
Inquisition, as his lot has sometimes been described, 
apjiears to haA'e consisted principally in his being 
placed under some slight restrictions, first, in the 
house of Nicolini, the ambassador of his own sove- 
reign, the Duke of Tuscany, and afteinvards in the 
country-seat of Archbishop Piccolomini, one of his 
own warmest friends. It a])pears to be not going 
too far to suppose that the extravagant assumptions 
of the church of Home, which it was impossible 
sincerely to allow, and neci'ssary to evade by arti- 
fice, generati'd in the philosojihers of Italy an 
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acuteness and subtlety, but also a suppleness and 
servility very different from the vigorous iiide])cndent 
liabits of thought of Germany and England. 

But there remains something more to be attended 
to in the case of Galileo ; for tliough the See of 
Rome might exaggerate the claims of religious 
authority, there is a question of no small real diffi- 
culty, which the ] progress of science often brings into 
notice, as it did then. The revelation on which 
our religion is founded, seems to declare, or to take 
for granted, opinions on points on which science also 
gives her decision; and we then come to this di- 
lemma, — that doctrines, established by a scientific use 
of reason, may seem to contradict the declarations of 
revelation according to our view of its meaning; — and 
yet, that we cannot, in consistency with our religious 
vioM’s, make reason a judge of the truth of revealed 
doctrines. In the case of astronomy, on which 
Galileo was called in question, the general sense of 
cultivated and sober-minded men has long ago drawn 
the distinction between religious and physical tenets 
which is necessary to resolve this dilemma. On 
tliis jKunt, it is reasonably held, that the phrases 
which are employed in Scripture respecting astro- 
nomical facts, are not to be made use of to guide 
our scientific opinions; they may be supposed to 
answer their end if they fall in with common notions, 
and are thus etlectiially subservient to the moral and 
religious import of revelation. But the establishment 
of this distinction was not accomplished without 
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long and distressing controversies. Nor, if we wish 
to include all cases in which the same dilemma may 
again come into play, is it easy to lay down an ade- 
quate canon for the puiqwso. For wo can hardly 
foresee, beforehand, what part of the past history of 
the univei’se may eventually be found to come within 
the domain of science ; or what hearing tlic tenets, 
which science establishes, may have upon our view 
of the providential and revealed government of the 
world. But witlioiit attomjhing here to generalise 
on this subject, there are tno reflections Avhich may 
be worth our notice : they are supported by what 
took place in reference to astronomy on the occasion 
of which we are s])cuking; and may, at other ])eriodS) 
be ap])licable to other sciences. 

In the first place, the na'aning Avhich any gcniera- 
tion puts upon the pln-ases of Scripture, depends, 
more than is at first sight siqqiosed, upon the 
received philosophy of the time. Hence, while men 
imagine that they are contending for revelation, they 
are, in fact, contending for their oavu inter])retation of 
revelation, unconsciously adapt(‘d to Avhat they be- 
lieve to be rationally probable. i\nd the neAv inter- 
jiretation, which the new ])hilosophy re(|uires, and 
which appears to the older school to bo a fatal 
violence done to the authority of religion, is acce]»ted 
by their successors without the dangerous results 
which were ajiprchcnded. When the language of 
Scripture, invested with its neAV meaning, has be- 
come familiar to men, it is found that the ideas 



SKQUKL TO COPERNICUS. 


408 


which it calls up, are quite as roconcileablo as the 
former ones were, with the soundest religious views. 
And the Avorld then looks back witli surj)rise at the 
error of tliose wlio thought that tlie essence of reve- 
lation was involved in their own arbitrary version of 
some collateral circumstance. At the ])resent day 
Ave can hardly conceive how reasonable men should 
liaA^e imao-iiKMl that religious reflections on the sta- 
bility of the eartli, and the lieauty and use of the 
luminaries which itwoIat' round it, would be interfered 
Avith by its being acknoAvledged that fhis rest and 
motion are api>arent only. 

Ill the nc‘xt place', Ave may oliserve that those Avho 
thus adhere tenaciously to the traditionary or arbi- 
trary mode of understanding 8cri])tural I'xiiressions 
of pliysical events, are always strongly (*ondemned 
by succeeding generations. They are looked upon 
Avith contc'inpt hy the Avorld at large, Avho cannot 
enter into the olisolete difliculties Avith Avhich they 
encumbered themselves; and Avith pity by the more 
considerate and serious, aaIio knoAv Iioav much saga- 
city and right-mindedness are ret|uisito for the con- 
duct of ])hilosophers and religious men on such 
occasions; but who know also how Avc'ak and Aain 
is the attempt to get rid of the dilliculty by merely 
denouncing the new tenets as inconsistent Avith 
religious belief, and by visiting the j)ronuilgators of 
them Avith severity such as the state of (qunions and 
institutions may alloAv. The prosecutors ot Galileo 
arc still held up to the scorn and aversion of man- 
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kind ; although, as ■\ve have seen, they did not act 
till it seemed that their position compelled them to 
do so, and then j)roceedcd with all the gentleness 
and moderation which were compatible with judicial 
forms. 

Sect. 5 . — The Heliocentric Theory confirmed on Phy- 
sical consideratiom. — {Prelude to Kepler's Astrono- 
mical Discoceries.) 

By j)hysical views, I mean, as I have already said, 
those which depend on the causes of the motions of 
matter, as, for instance, the consideration of the 
nature and laws of the force hy which bodies fall 
downwards. Such considerations were necessarily 
and immediately brouglit under notice by the exa- 
mination of the Copernican theory; but the loose 
and inaccurate notions which prevailed respecting 
the nature and laws of force, j)revented, for some 
time, all distinct reasoning on this subject, and gave 
truth little advantage over eiTor. The formation of 
a new' science, the science of motion and its causes, 
was requisite, bc-fore the heliocentric system could 
have justice done it with regard to this part of the 
subject. 

This discussion Avas at first carried on, as was to 
be expected, in terms of the received, that is, the 
Aristotelian doctrines. Thus, Copernicus says that 
tem^strial things appear to be at rest 'when they 
have a motion according to nature, that is, a circular 
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motion ; and ascend or descend when they have, in 
addition to this, a rectilinear motion by which tliey 
endeavotir to get into their oivn ])Iace. But his 
disciples soon began to <piestion the Aristotelian 
dogmas, and to seek for sounder views by the use of 
their own I'oason. “ The great argument against 
this system,” says Ma'stlin, “ is that heavy bodies 
are said to move to the centre of the universe, and 
light bodies from the centre. But I would ask, 
W'here do we get this exjiericnce of heavy and light 
bodies ? and how is our knowledge on these subjects 
extended so far that we can reason with certainty 
concerning the centre of the whole universe? Is 
not the only residence and homo of all the things 
M’hich are heavy and liglit to us, the earth and the 
air which surrounds it? and what is the earth and 
the ambient air with respect to the immensity of the 
universe? It is a ])oint, a |)unctu1e, or something, 
if there he anything, still less. As our light and 
heavy bodies tend to the centre of our earth, it is 
credible that the sun, the moon, and the other lights, 
have a similar alTection, by which they remain round 
as Ave see them, but none of these centres is neces- 
sarily the centre of the universe.” 

The most obvious and important physical difficulty 
attendant upon the supjiosition of the motion of 
the earth Avas thus stated. If the earth move, how 
is it that a stone, dro]Aped from the top of a high 
toAver, falls exactly at the foot of the toAver? since 
the toAver being carried from Avest to east by the 
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(liiinial revolution of the eartli, the stone must he 
loft behind to the nest of the i)lace from nhicli it 
Avas let fall. The proper aiisAver to this Avas, that 
the motion AA’hich the falling body reoeiA'ed from its 
tendeney doAvinvards Avas cnmpnnndcd Avith the mo- 
tion Avhieh, before it fell, it had in virtue of the 
earth’s rotation : but this answer could not be clearly 
made or apprehended, till (lalileo and his ])npils ha<l 
established the law s of such comiwsitions of motion 
arising’ from ditfereiit forces. l{othman, Kepler, and 
other defenders of the C'ojiernican system, gave their 
rejdy someAvhat at a viaiture, Avhen they asserted 
that the motutn of the earth Avas communicated to 
bodies at its surface. Still, the facts Avhich indicate 
and establish this truth are obvious, when the subject 
is steadily considered; and the CojK'rnicans soon 
found that they had the superiority of argument on 
this point as well as others. 'I’he attacks u])ou tiu' 
Co])ernicaii system by Durrid, jNloriii, lliccioli, and 
the defence of it by (lalileo, Lansberg, Ciasseiidi"’, 
left on all candid reasoiiers a chair impri'ssion in 
favour of the system. JVlorin attem[)ted to stop the 
motion of the earth, Avhich he called breaking its 
Avings; hisyl/rc I't'nrr J^'nirfr/' was published in Kidll, 
and ansAvered by Classemli. And Hiccioli, as lati^ 
as 1Go3, in his Almagestum Novum, emmi^'rated 
fifty-seven Cojiernican arguments, and jiretended to 
refute them all : but such reasonings iioav made no 
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converts ; and by tliis time the meclianical objections 
to tlie motion of the earth were generally seen to be 
baseless, as avc shall relate when we come to speak 
of the progress of mechanics as a distinct science. 
In the mean time, the beauty and simplicity of the 
heliocentric tlieory were ]>erpetnally winning the 
admiration even of those who, from one cause or 
other, refused their assent to it. Tims Riccioli, the 
last of its considerable opponents, allows its supe- 
riority in th(>se respects; and .acknowledges (in lCo3) 
tliat the (.'opernican belief appears rather to increase 
than diminish under the condemnation of the de- 
crees of the Cardinals, lie ajtplies to it the lines 
of Horace” : 

Per dainna per caaloi?, a1> ipso 
Suinit opes aiiiniunique ferro. 

P^ntamed its pride, unehecked its course. 

From loos and woumls it gathers force. 

^^'e have s]iokcu of the influence of the motion of 
the earth on the motions of Ixxlies at its surface ; but 
the notion of a physical connexion among the parts 
of the universe was taken up by Ivejder in iinother 
j)oint of view, which would i>robably have been con- 
sidered as highly fantastical, if the result had not been, 
that it led to by far the most magnilicent and most 
C('rtain train of truths which the whole expanse of 
human knowledge can show. I speak ot the per- 
suasion of the existence of numerical and geometrical 

" Almag. Nov. p. 102. 
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laws connecting the flistances, times, ami forces of 
the bodies which revolve about the central sun. That 
steady and intense conviction of this governing prin- 
ciple, which made its developement and verification 
the leading employment of Kepler’s most active and 
busy life, cannot be considered otherwise tlian as an 
example of profound sagacity. That it Mas con- 
nected, though dimly and obscurely, M’ith the notion 
of a central agency or influence of some sort, ema- 
nating from the sun, cannot be doubted. Kepler in 
his first essay of this kind, the Mysterium Cosmogra- 
phicum, says, “ Tlie motion of tl)e earth, M-hich 
Cojjernicus had proved by mathematical reasons, I 
wanted to prove liy pht/xical, oi*, if you prefer it, 
metaphysical.” In the tMentieth chapter of that 
M'ork, ho cndeavoui's to make out some relation 
between the distances of the jdanets from the sun 
and their velocities. The inveterate yet vague 
notions of forces M hich jtreside in this attem])t, may 
be judged of by such passages as the folloM’ing: — 
“We must su])posc one of tMO things: either 
that the moving s])irits, in proj)ortion as tliey are 
more removed from the sun, are more feeble ; or 
that there is one moving si)irit in the centre of all 
the orbits, namely, in the sun, m Inch urges each body 
the more vehemently in jn-oportion as it is nearer; 
but in more distant spaces languislies in consequence 
of the remoteness and attenuation of i^s virtue.” 

We must not forget, in reading such jiassiagcs, that 
they were wTitten under a belief that force M’as re- 
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qmsite to keep up, as well as to cliango tlie motion 
of each planet ; and that a body, moving in a circle, 
would stop when the force of the central point 
ceased, instead of moving off* in a tangent to the 
circle, as we now know it would do. The force 
whicli Kepler supposes is a tangential force, in the 
direction of the body’s motion, and nearly perpen- 
dicular to the radius; the force which modern phi- 
losophy has established, is in the direction of the 
radius, and nearly per2)endiciilar to the body’s path. 
Kepler uas rigid no further than in his suspicion of 
a connexion between the cause of motion and the 
distance from the centre ; not only was his know- 
ledge imperfect in all particulai’S, but his most gene- 
ral concei)tion of the mode of action of a cause of 
motion was erroneous. 

With these general convictions and those physical 
notions in his mind, Kepler endeavoured to detect 
numerical and geometrical relations among the parts 
of the solar system. After extraordinary labour, 
])erseverance, and ingenuity, he was eminently suc- 
cessful in discovering such relations ; but the glory 
and merit of interpreting them according to their 
physical meaning, was reserved for his greater suc- 
cessor, Newton. 
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(TIAPTIMi lA". 

INDUCTIVE EPOCH OF KEPLER. 


Sect. 1 . — Intellect ml Character of Kepler. 

Several j^crsons’, (‘specially in iwont times, who 
liave taken a vi(*w of tlie disenveric's of K(‘])K‘r, 
a}>pear to have been snrpi*is(‘d and somewbat dis- 
contented tliat conjeetnr(‘s, .‘»])|»arently so fanciful 
and arbitrary as Ids, slioiild bave b‘d to important 
discoveries. They se<‘m to liav(‘ been alarmed at 
tbc A/oral tliat their ivaders miabt draw, from tli(‘ 
tale of a Quest of KnoAvledo-fs in wbieli tb(‘ lI(‘ro, 
tliolyo’b fantastical and sidf-wilb'd, and violatin^<>’ in bis 
conduct, as they conceiv(‘d, all ]Mi>*lit laile and sound 


' Laplace, PrcM.’is do fllist. d’Ast. |>. 0 1. II (‘si allli:j;eanl pour 
IVsjuit liuiuaiu de voir (*(' grand liouiiiie iiieine, dans scs dernieres 
ouvrages, so coni])laire avcc delicts dans s<*s ehinierijpies sjK'oula- 
tions, et les n'garder coinnio fame et la vie tie fastroiiomie.” 

I[i>t. of Ast., \j. r. K., p. o,‘L Tin’s success [of KepLa-] 
may Avell ius]>irc Avitli tiismay those wlu) are accustonuMl lo 
consider expt'rimenl; and rigorous imluction as the only means 
to interrogate nature >vitli success.’' 

Life of Kepler, L. L, K., p. 11, “Had ply^losojdiy.” J\ In. 
“ Kepler’s niiraeulous goo<l fortuiui in stdzing truths across tin' 
Avihlest and most absurd theories.” P. ad, “ The danger of 
attempting to follow his method in the pursuit of trutli.” 
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pliilosopliy, is rewarded Avitli the most signal tri- 
umphs. Perlia])s one or two reflections may in some 
measure reconcile us to tliis result. In tlie first 
place, we may ohsorve that the leading tliought 
which suggested and animated all Kei)ler’s attem])ts 
Avas true, and Ave may a<hl, sagacious and jdiiloso- 
phical ; namely, that there must he some numerical 
or geometrical relations among the times, distances, 
and velocities of the revolving Ixxlies of the solar 
system. 1'his settl(‘d and constant convictioji of an 
im]X)rtant truth regulated all the conjectures, ap- 
])arently so capricious and fanciihl, Avhich he made 
an<l ('xamined, respecting particular relations in the 
system. 

In the iK'Xt place, Ave may ATutim^ to say, that 
advance's in kuowle(lg(‘ are not commonly made Avith- 
out tlu' previous exercise of* somi' boldness and license 
in guessing. 11ie discovery of noAV truths requires, 
undoubti'dly, minds careful and scrupulous in examin- 
ing what is suggested ; but it requires, no less, such as 
are ([uick and fi'rtile in suggt'sting. What is inven- 
tion, exc(q)t the talent of rapidly calling before us 
many ])ossiI)iliti('s, and seh'eding tlu' appro]>riate one? 
It is true, that Avhen we have rejected all the inad- 
missi))le snpimsitions, they are (juickly forgott<m by 
most ])('rsons; and few think it necessary to dwell 
on these discanh'd hvjmtlu'ses, and on the process 
by which tluw^vi're condenuu'd, as lv('])l('r has done. 
But all Avho discover truths must have reasoned 
upon many errors, to obtain each truth; every 
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accepted doctrine must liavo been one selected out 
of many candidates. Jn making many conjectures, 
wliich on trial ])roved erroneous, Kepler M\as no 
more fanciful or unphilosopliical than other dis- 
coverers have been. Discovery is not a “ cautious” 
or “rigorous” process, in the sense of abstaining 
from such suppositions. But there aTO great dif- 
ferences in different cases, in the facility with which 
guesses are jiroved to be errors, and in the degree 
of attention with wliich tin; error and the ju’oof are 
afterM'ards dwelt on. Kepler certainly was remark- 
able for the labour which he gave to such self-refu- 
tations, and for the candour and co])iousness with 
which he narrated them ; his works are in this way 
extremely curious and amusing; and are a very in- 
structive exhibition of the mental {wocess of <lis- 
covery. But in this respect, T venture to believe, 
they exhibit to us the usual jirocess (somewhat 
caricatured) of inventive minds : tliey rather exem- 
plify the rule of genius than (as has generally been 
hitherto taught,) the e.i'cepliou. ^V'e may add, that 
if many of Kej)ler’s guesses now a))])ear liinciful and 
absurd, l)ecause time and observation have refuted 
them, others, which were at the time ecpuxlly gra- 
tuitous, have been confirmed by succeeding disco- 
veries in a manner which makes them appear 
marvellously sagacious; as for instance, his assertion 
of the rotation of the sun on his axis, before the 
invention of the telescope, and his opinion that the 
obliquity of the eclijxtic was decreasing, but would. 
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after a long-continued diminution, stoj), and then 
increase again*. Nothing can he more just, as well 
as more poetically hap])y, than Keider’s picture of 
the philoso2iher’s jmrsuit of scientific truth, conveyed 
by moans of an allusion to Virgil’s she^dierd and 
shejdierdess - 

MaloBic Galatea petit, lasciva puclla 
Et fugit ad saliccs et se cupit ante yideri. 

t-’oy yet inviting, Galatea loves 

To sport in sight, then plunge into the groves ; 

The challenge given, she darts along the green, 

AVill not be caught, yet would not run unseen. 

Wo may notice as another peculiarity of Kepler’s 
reasonings, the length and laboriousness of tlie pro- 
cesses by which he discovered the errors of his first 
guesses. One of the most important talents requi- 
site for a discoverer, is the ingenuity and skill Avhich 
devises means for rajiidly testing false sujipositions 
as they oiler themselves. This talent Kepler did 
not jiosscss: he Avas not even a good arithmetical 
calculator, often making mistakes, some of which he 
detected and laments, while otliers escaped him to 
the last. But his defects in this resiiect Avere com- 
pensated by his courage and perseverance in under- 
taking and executing such tasks; and, Avhat aahs still 
more admii’able, he never allowed the labour he had 
s])eut ujion any conjecture to jirodnce any r(*luctanco 
in aliandoning. the hy2)othesis, as soon as he had 


Bailly, A. M. iii. 
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evidence of its inaccuracy. The only way in which 
ho rewarded liiniself for his trouble, was by de- 
scribing to the world, in his lively manner, his 
schemes, exertions, and feelings. 

The mjjstical parts of Kepler’s o]>inions, as his 
belief in astrology, his persuasion that the earth was 
an animal, and many of the loose moral and siuritual 
as Avell as sensible analysers by which he represented 
to himself the powers which he supposed to prevail 
in the universe, <lo not appear to have interfereil 
with his discovery, but rather to have stimulated 
his invention, and animated his exertions. Indeed, 
where tliere are clear scientific ideas on one subject 
in the mind, it does not ap])ear that mysticism on 
others is at all unfavourable to the successful ]irose- 
cution of resc-areh. 

It ap|)ears, then, that Ave may consider Kepler’s 
characti'r as containing the general features of tlie eha- 
r.acter of a scientilic discoverer, though some of tlie 
features are exaggerated, and some too feebly marked. 
Ilis spirit of invention Avas unilouljtedly very fertile 
and ready, and this ami his pei'sever.ance served to 
remedy his delieiency in mathematical artifice and 
method. But the ]»eeuliar physiognomy is given to 
his intellectual aspect by his dwelling in a most 
prominent manner on those erroneous trains of 
thought Avhich other |>ersons conceal from the 
Avorld, and often themselves forget, because they 
find means of stoji])ing them at the outset. In 
the beginning of his book {Ar/jifiueitta Cuintton) 
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he says, “ ifChristo])hei‘ Columbus, if Magellan, if the 
Portuguese Avheii they narrate their wanderings, are 
not only excused, but if we do not wish these ])as- 
sages omitted, and sliould lose much pleasure if they 
were, let no one blame mo for doing the same.” 
Kepler’s talents wore a kindly and fertile soil, which 
he cultivated Avith al)aiidant toil and vigour; but 
with great scantiness of agricultural skill and imple- 
ments. Weeds and the grain tln-ovc and flourished 
side by side almost undistinguished; and lie gave a 
jieculiar a])|iearance to his harvest, by gathering and 
preserving the one class of plants Avith as much care 
and diligence as the other. 


Sai. 2. — Kepler's Discoren/ of his Third Law. 

I SHALL iioAv give some account of Ke|d('i’’s sjiccula- 
tions and disc'overies. 'I’lie first (liscoAcrv Avhich he 
attempted, tlie relation among the successiA’o dis- 
tances of the i>lancts from the sun. Avas a failure; 
his doctrine being Avithont any solid foundation, 
although ]iroponnded by him Avith great triumph, 
in a Avork Avhich he called “ jMvsterium Cosmogra- 
phicum,” and Avhicli Avas publisln'd in 1590. The 
account Avhich ho gives of the train of his thoughts 
on this subject, viz. the Aarions sujipositions assumed, 
examined, and rejected, is curious and instructive, for 
the reasons just stated ; but Ave shall not dAA’ell upon 
these essays, since they le«l only to an opinion uoav 
entirely abandoned. The doctrine which juofessod to 
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give the true relation of the orbits of the different 
planets, was thus delivered “ The orbit of the earth 
is a circle ; round the sphere to which this circle be- 
longs describe a dodecahedron ; the sphere including 
this will give the orbit of Mai's. Round Mars describe 
a tetrahedron ; the circle including this will bo the 
orbit of Jupiter. Describe a cube round .Tujiiter’s 
orbit ; the circle including this will be the orbit of 
Saturn. Now inscrilie in the earth’s orbit an icosa- 
hedron ; the circle inscribed in it will be the orbit 
of Venus. Inscribe an octahedron in the orbit of 
Venus; the circle inscribed in it will be Mercury’s 
orbit. This is the reason of the number of the 
planets.” The five kinds of ])olyhedral bodies here 
mentioned are the only “ regular solids.” 

But though this part of the “ Mysterium Cosino- 
gra2)hicum” was a failure, the same researches con- 
tinued to occiniy Kepler’s mind; and twenty-two 
years later led him to one of the imjan-tant rules 
known to us as “ Kepler’s laws namely, to the 
rule connecting the mean distances <tf tlie planets 
from the sun with the times of their revolutions. 
This rule is expi'essed in mathematical terms by say- 
ing that the squares of the periodic times are in tlic 
same projmrtion as the cubes of the distances ; :ind 
was of great imj)ortance to Newton in leading him 
to the law of the sun’s attmetivo force. We may 
])r()j)erly consider this discovery as the sequel of tlie 
train of thought already noticed. In the beginning 

“ L. U. K. Kepler, (>. 
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of the Mysterium,” Kepler liad said, “ In the year 
1595, [ brooded with the whole energy of my mind 
on the subject of the Copcrnican system. Tliere 
were tliree tilings in particular of which I pertina- 
ciously sought the causes why they are not other 
than tliey arc ; the numbei*, the size, and the motion 
of the orbits.” AVe liave seen the nature of his 
attempt to account for the two first of these ])oints. 
lie had also made some essays to connect the motions 
of the planets witli their distances, but with his suc- 
cess in this respect he was not liimself completely 
satisfied. But in the fifth book of the ‘‘ llarnionice 
jMundi,” published in 1619, he says, “ What I pro- 
phesied two-and-twenty years ago as soon as I had 
discovered the five solids among the heavenly bodies; 
— what I firmly believed before I had seen the Har- 
monics of Ptolemy; — what 1 promised my friends in 
the title of this liook (On the most perfect Harmony 
of the Celestial Motions) which I named l)efore I 
was sure of my discovery; — what sixteen years ago I 
regarded as a tiling to be sought; — that for which 1 
joined Tycho Brahe, for which I settled in Prague, 
for which 1 have (k‘ voted the best \n\vt of my life to 
astronomical contemplations ; — at length I have 
brought to light, and have recognised its truth 
beyond my most sanguine expectations.” 

The rule thus referred to is stated in the third 
cluq^er of this fifth book. It is,” he says, a 
most certain and exact thing that the proportion 
which exists between the periodic times of any 
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two planets is precisely the scsqni})licate of the pro- 
portion of their mean distances; that is, of the 
radii of tlie orbits. Thus, the })eriod of the earth is 
one year, that of Saturn thirty years; if any one 
trisect the proportion, that is, take the cube root of 
it, and double the })roportion so found, that is, square 
it, he will find the exact i>rojmrtion of the distances 
of the earth and of Saturn from the sun. For the 
cube root of 1 is 1, and the square of this is 1 ; and 
the cube root of 30 is greater than 3, and therefore 
the square of it is greater than 0. And Saturn at 
his mean distance from the sun is at a little mon.^ 
tlian 0 times the mean distance of the earth.” 

When we now look ba(‘k at the time and exer- 
tions which the establishment of this law cost 
Ki'pler, Me are teinj)ted to imagine that he Mas 
strangely blind in not seeing it sooiua*. His object, 
Ave might reason, Avas to <liscover a law connecting 
the distances and the ])eriodic times. AVhat hiAv of 
connexion could be more simple and obvious, Avti 
might say, than that om‘ of these quantities should 
vary as some poivrr (d* the other, or as some rooty or 
as some combination of the two, Avhich in a more 
general sense, jnay still be called a ])OA\er? And it* 
the })robleni had been viewed in this way, the (|ues- 
tion must have occurred, to what ]»ower of the 
])eriodic times an^ iho distances proj)orti(Hial ? And 
the ansMHu* must have been, that they are ])r(>por- 
tional to the scpiare of th(‘ cube root. This ew-pod- 
facto obvior.sness of discoveries is a delusioji to 
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Avliicli Avo are liable with regard to many of the 
most important principles. In the case of Kepler, 
we may observe, that the process of connecting two 
classes of quantities by comparing their poivers, is 
obvious only to those Avho are familiar with general 
algebraical views ; and that in Kepler’s time, algebra 
had not taken the ]dacc of geometry, as the most 
usual vehicle of mathematical reasoning. It may be 
added, also, that Ke])ler always sought his formal 
laAvs by means of physical reasonings ; and these, 
though vague or erroneous, determined the nature 
of the mathematical connexion Avhich he assumed. 
Thus ill the IMysterium” he had been led by his 
notions of moving virtue of the sun to this conjec- 
ture, among others, — that, in tlie planets, tlu^ increase 
of the periods Avill bo double of tlie difference of 
the distances ; which sup]>osition lie found to give 
him an apju’oach to tlie actual ])roportion of the 
distances, but one not sufticieiitly close to satisfy 
him. 

The greater jiart of the fifth book of the Har- 
monics of the Universe consists in attempts to ex- 
[dain various relations among the distances, times, 
and eccentricities of the ]>lanets, by means ot the 
ratios AAdncdi belong to certain concords and discords. 
This jiortiou of the Avork is so comiilex and labo- 
rious, that jirobably few modcu-n readers liaAO had 
courage to go through it. Delambre^ acknowledges 

^ A M. i. ar>d. 
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that his patience often tailed him during the task ; 
and subscribes to the judgment of Bailly ; “After this 
sublime effort, Kepler replunges himself in the rela- 
tions of music to the motions, the distance, and the 
eccentricities of the planets. In all those harmonic 
ratios there is not one true relation ; in a crowd of 
ideas there is not one truth: he becomes a man 
after being a spirit of light.” Certainly these spe- 
culations are of no value ; but wo may look on them 
with toleration m Iioii we recollect that Newton * has 
sought for analogies between the si)aces occupied by 
the prismatic colours and the notes of the gamut. 
The numerical relations of concords are so peculiar, 
that we can easily suppose them to have other bear- 
ings than those M'hich first offer themselves. 

It does not belong to my present jnirpose to speak 
at length of the speculations, concerning the forces 
jiroducing the celestial motions, by whicli Kepler 
was led to this celebrated law ; or of those which he 
deduced from it, and which are found in the “ lipi- 
tome Astronomiai Copern icana;,” jmblished 1(322. 
In that work also (p. 554), he extended this law, 
though in a loose manner, to the satellites of Jupiter. 
These physical speculations were only a vague and 
distant prelude to Newton’s discoveries; and the 
law, as a formal rule, was complete in itself. We 
must now attend to the history of the other two 
laws with which Kepler s name is associated. 


' ( )j[)tics, b. 2. 2 >. iv. obs. 5. 



INJ3UCT1VE EPOCH OF KEPLKR. 


421 


Sect. 3 . — KepJcr's Diseomij of his First and Second 
Laws, Klliptical Theory of the Planets, 

The propositions designated as Ke])ler’s first and 
second laws are tliesc; — that tlie orbits of tJio planets 
are (dliptical ; — and that the areas described by 
lines drawn from the sun to the jdanct are propor- 
tional to the times emjdoyed in the motion. 

The occasion of the discovery of these laws was the 
atteni]>t to reconcile the theory of ATars to the hypo- 
thesis of eccentrics and epicycles.; the event of it was 
the com])lete ovcnlhrow of that hypothesis, and the 
establishment, in its stead, of the (‘Hi])tical theory of 
the jdanets. Astronomy Mas non' ripe for such a 
change. As soon as Copernicus had taught men 
that tlie orbits of the planets Mere to l)e referred to 
the sun, it obviously became a (|uestioii, Mhat M as the 
true form of these orbits, and tlie rule of the motion 
of each jilanet in its omii orbit. Co])ernicus repre- 
S(‘nted the motions in longitude by means of eccen- 
trics and epicycles, as Ave have already said; and the 
motions in latitude by certain lihrations^ or alternate 
elevations and depressions of e[>icycles. If a mathe- 
matician could have obtained a collection of true posi- 
tions of a j)laiiet, the form of the orbit, and the motion 
of the star Mould have been determined Mith refe- 
rence to the sun as m ell as to the earth ; but this 
Mns not possible, for though tlu' (leocentric j^osition, 
or the direction in Avhich the ])lanet Avas seen, could 
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be obsorved, its distaneo from tlio earth was not 
known. lienee, when Kepler att(Mn[)ted to deter- 
mine the orl)it of a planet, he combined the observed 
g(H)centrie places with successive modifications of 
the theory of ej^ieycles, till at last he was led, by 
one step after another, to cliano-e th(' epicyclical into 
the elliptical theory. AW may oliserve, moreover^ 
that at every ste[) he endeavoured to sii|)|)ort his 
new suppositions by Avhat he called, ii] his fanciful 
phraseolooy, ‘^sendini** i?ito th{‘ fii^ld a rescM vi'of lu'w 
])hysical reasoninos on the rout and dis|)ersion of the 
veterans f’ that is, .by coniu'ctino* his astronomical 
hy[)otheses with ueAV imaginations, when the old 
ones became untenable. AVe find, indee(l, that this 
is the s])irit in wliich th(' |nirsuit of knowledge' is 
^•enerally carried on Avith success; those men arrivt^ 
at truth Avho eauerly endi'avour to connect reinot(' 
points of their lvnoAvle<lo’(% not those who stop eaii- 
tiously at each point till somethin, u’ (annpels them to 
^o beyond it. 

Kepler joined Tycho Jirahe at Prague in IGOO, 
and found him aiid Lonoomontaniis busily eni])loy(‘d 
in correctinj*’ the theory of lAIars; and then he also 
entered u2)on that train of researches which he 
published in 1009 in his extraordinary work ‘'■On 
the Motion of Mars.” In this Avork, as in others, 
he gwvH an account, not only of his success, liiit of 
his failures, ex])lainino\ at length, the various supjio- 
sitions which he had made, the notions by Avhich he 
had been led to invent or to entertain them, the 



INDUCTIVE EPOOTI OF KEPLER. 


423 


processes by Avliicli lie had proved tluMr falsehood, 
aiul the alteriuitioiis of liope and sorrow, of Aoxation 
and triuni])!), tlirongh wliicli he had f>one. It will 
not be convenient hoAvever for ns to cite many ])as- 
sages of these kinds, curious and amusing as they are. 

One of tli(' most imjtortant truths contained in 
the “Motion of Mars,” is the discovery that the plane 
of the orbit of tlii' ])Ianet should be considered with 
ref(?rencc to the sun itself instc'ad of referring it to 
any of the other centres of motion uhieh the eccen- 
tri(^ hypothesis introduced ; and that, when so con- 
sidered, it has none of the librations Avhich Ptolemy 
and Copc'rnicus had attributed to it. 'I’he fourteentli 
chapter of the second i»art asserts, “ Plana eccentri- 
corum esse « rdXniTa that the planes are ituU- 
/>r(if!n>i ; retaining always the same inelijiation to the 
ecliptic, and the same lino of )mlrx. With this step 
Kepler a])pears to have been justly delighted. Ilis 
refl('ctions on it are very ])hilosophical. “ Coper- 
nicus,” he says, “ not knowing the value of what he 
possessed (his system), umU'rtook to I’cpresent 
Ptolemy rather than nature, to which, however, he 
had a]i])roache<l more nearly than any otlier person, 
h'or being rejoiced that tlu' epiantity f)f the latitude 
Avas increasc'd by the ai>])roach of the earth to the 
stars, according to his theory, he did not venture to 
reject the rest of Ptolemy’s increase' of latitude', but 
ill oreler to e'Xjtre'ss it, elcA'isi'e! librations ot the 
1»lanes of the ece-entric, eU'peneling not u|)on its oavu 
eccentric, but (most imin-obably) upon the orbit of 



424 


TITSTORY OF FORMAL ASTRONOMY. 


the earth, Avhich has nothing to do wth it. I always 
fought against tliis impertinent tying together of tAvo 
orl)its, eA^en before T saAv tJie obserA’ations of Tycho; 
and I therefore rejoice much, that in tliis, as in 
otliers of my preconcei\’ed opinions, the observations 
Averc found to be on my side.” Kepler established 
his point by a fair and laborious calculation of the 
results of observations of Mars, made by himself 
and Tycho Brahe ; and had a right to exult, Avhen 
the result of these calculations confirmed his vieAvs 
of the symmetry and simplicity of nature. 

AVe may judge of tlu' dillicidty of casting off the 
theory of eccentrics and ejiicycles, by recollecting 
that Copernicus did not do it at all, and that Ki'pler 
did it only after rep(‘ated struggles, the history of 
Avhich occu]>ies thirty-nim? chapters of his book. At 
the end of them he says, “This jirolix disputation 
Avas necessary, in onler to jn-ejiare the Avay to the 
natural form of the equations, of Avhich T am noAV to 
treat". iMy first error Avas, that the ])ath of a jilanet 
is a perfect circle ; — an opinion which Avas a more 
mischieA'ous thief of my time, in jiroportion as it Avas 
supported by the authority of all ]>hilosophers, and 
apjiarently agreeable to metaphysics.” But before 
he attempts to correct this erroneous [»art of his 
hypothesis, he sets about iliscovering the law ac- 
cording to whicl^ the diflermit j»arts of the orbit ari^ 
described in the case of the earth, in Avhich case the 
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eccentricity is so small that tlie effect of the oval 
form is insensible. The result of this inquiry was^ 
tlie rule that the time of (lescril)ing any arc of the 
orbit is i)r(q)ortional to the area intercepted between 
the curve and two lines draAvn to tlie extremities of 
the arc. It is to be observed that this rule, at first, 
tliough it had the recommendation of being selected 
after the unavoidable abandonment of many, which 
were suggested by the notions of those times, was far 
from being adoiited upon any very rigid or cautious 
grounds. A rule had been proved to hold at the ap- 
sides of the orbit, by calculation from observations, 
and had then been extended by conjecture to other 
jiarts of the orbit; and the rule of the areas was only 
an apiiroximate and inaccurate mode of representing 
this rule, employed for the ])ur])oso of brevity and 
convenience, in consequence of the difficulty of 
apjilying, geometrically, that which Kepler then 
conceivcMl to be the true rule, and which reijuired 
him to find the sum of the lines drawn from tlie sun 
to even/ point of the orbit. AVlien he proceeded to 
a[)ply this rule to Alars, in Avhose orbit the oval form 
is much more marked, additional difficulties came in 
his way ; and here again the true siqiposition, that 
the oval is of that special kind called ellipse, was 
adojited at first only in order to sinqilify calculation''; 
and the deviation iroiu exactness in the result Avas 
attriluited to tlu' inaccuracy of thosi' ajiproximate ])ro- 


' ]). 101. 
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cesses. Tlu; supposition of tlie oval had already been 
forced ii])ou Purbach in the case of Mercury, and 
upon Reinhold in tlio case of the Moon. The centre 
of the epicycle vas made to <lescribe an egg-shaped 
tignre in the former case, and a lenticnlar figure in 
the latter". 

It may serve to show the kind of labour by Avhich 
Kepler was led to his result, if mc! here emniK'rate, 
as he does in his forty-seventh cha])ter"', six bypo- 
tln'ses, on which he calculated tin; longitudes of 
Mars, in ortler to see which best agreed with obser- 
vation. 

1. 'I'he simple eccentricity. 

2. The Ijisection of the c'ccen tricity, and the dupli- 
cation of the superior part of the eipiation. 

8. The bisection of tlu^ ('ccentricity anil a stationary 
point of equations, after the manner of Ptolemy. 

4. The vicailous hypothesis by a free section of 
the eccentricity made to agrc'e as nearly as possible 
with the truth. 

5. The ]ihysical hypothesis on the supjiosition of 
a j)erfect circle. 

0. The ])hysical hypothesis on the snj)i)osition of 
a perfect (“lli|)S(;. 

By the ])hysical hypothesis, he meant the doctrine 
that the time of a jilanet’s di'scribing any part of its 
orbit is jtrojmrtiona! to the distance of the ])lanet 
from the sun, for which supposition, as we have 


in 
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said, he ooiicoived tliat he had assigned physical 
reasons. 

The two last hypotlieses came the nearest to the 
truth, and diflerod from it only by about eight 
minutes, the one in excess and tlio other in defect. 
And, after being mucli perjdexed by tin's remaining 
error, it at last occurred to liini’^ tliat lie might take 
canothcr ellipsis, exactly intermediate between the 
former one and the circle, and that this must give 
the path and the motion of the ])lanet. Making this 
assumption, and taking the areas to rejiresent the 
times, ho now saw'“ that both the longitude and the 
distances of jMars Avould agree with obscuwation to 
the re([uisite degree of accuracy, '^^fhe rcnditication 
of the former hy])othesis, Avhen thus stated, may, 
pc'rhaps, apjiear obvious. And Kepler informs us that 
he had lunirly been antici])ated in this step. (c. 55.) 

David h'abricius, to whom 1 had communicated my 
hypothesis of cap. 45, was al>le, by his oliservations, 
to show that it erred in making the distances too 
short at mean longitudes; of wliich he informed me 
by letter while I was labouring, by repeated ('ft'orts, 
to discover the true hyjiothesis. So nearly did he get 
the start of me in detecting the truth.” lint this was 
loss easy than it might seem. AVhen’Ke[)ler s first 
hyjiothesis was cmvidoped in the comidex construction 
which Avas requisite in order to ap|)ly it to each point 
of the orl)it, it was far more diflicult to see Mliere 
the error lay; and Kepler hit upon it only by noticing 

p. 235. 
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the coincidences of certain numbers, Avliich, as lie 
says, raised him as if from sleej), and gave him a new 
light. We may observe, also, that he was perplexed 
to reconcile this new view, according to which the 
planet described an exact ellipse, with his former 
opinion, which represented the motion by means of 
libration in an epicycle. ‘‘ This,” he says, “ Avas my 
greatest trouble', that, though T considered and rc'- 
flected till I ivas almost mad, I could not find why 
the planet, to Avhich, with so much ]n*obability, and 
with such an exact accordance of the distances, the 
libration in the diameter of the e])icycle was attri- 
buted, should, according to the indication of tlu^ 
equations, go in an ('lliptical ])ath. What an ab- 
surdity on my ])art ! as if libration in the diameter 
might not be a way to the ellipse !” 

Another scruple respecting this theory arose 
from the impossibility of solving, by any geometrical 
construction, tlie ])roblem to which Kepler was thus 
led, namely, “ to divide the arc'U of a semicircle in a 
given ratio, by a line drawn from any point of the 
diameter.” This is still termed “ K('])ler’s jnoblem,” 
aiul is, i]i fact, incapable of exact geonu'trical solu- 
tion. As, however, the calculation can be ])erformed, 
and, indeed, was ])erformed by K(‘[)ler himself, Avith 
a sufficient degree of accuracy to sIjoav that the 
elli])tical hypothesis is true, the insolubility of this 
])roblem is a mere mathematical difliculty in tlu; 
deductive process, to Avhich Kc'pler’s ijiductions 
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Oi Kepler’s pliysical reasonings we shall speak 
more at length on another occasion. His numerous 
and fanciful hypotheses had discharged their oflice, 
when they had suggested to him his many linens of 
laborious calculation, and encouraged him under the 
exertions and disappointments to which these led. 
The result of this work was, the formal laws of the 
motion of IVIars, established by a clear induction, 
since they rei)resented, witlu sufficient accuracy, the 
best observations. And we may allow that Kepler 
was entitled to the praise which he claims in the 
motto on his first leaf. Ramus had said that if any 
one would construct an astronomy without hypothesis, 
he would 1)e ready to resign to him his professorship 
in the University of Paris. Kejder (juotes this pas- 
sage, and adds, “ it is well, Ramus, that you have 
run from this j)ledge, by quitting life and your pro- 
fessorship’^; if you held it still, I shoxdd, with justice, 
claim it.” This was not saying too iiiucli, since he 
had entirely overturned the hypothesis of eccentrics 
and epicycles, and had olxtained a theory which was 
a mere representation of the motions and distances 
as they were observed. 

' * Ihunus pcrislied lii the ^Massacre ot 8t. Bartliolomow. 



430 


CHAPTER y. 

Sequel to the Epoch of Kepler. Reception, 
Verification, and Extension of the Elliptical 
Theory. 


Sect 1 . — Application of the Elliptical Theory to the 

Planets, 

The oxtonsioii, to the otlior ])lanots, of Ko])lor’s dis- 
coveries concerning the or1)it of JNlars, obviously 
offered itself as a strong probaliility, and was con- 
firmed by trial. This was made in the first j)lace 
upon the orbit of jM(»rcury ; which planet, in conse- 
quence of file largeness of its eccentricity, exhibits 
more clearly than the others the circumstances of the 
ellii)tical motion. These and various other su|)ple- 
meiitary iiortions of the views to which Kepler’s 
discoA’eries had led, a])])eai*ed in the latter ])art of his 

h^pitome Astronomiie Copernicaiuv,” published in 
1G22. 

The real verification of the iKn\’ doctrine concern- 
ing the orbits and motions of the lieavenly bodies 
Avas, of course, to lie found in the construction of 
tables of those motions, and in the continued com- 
parison of sucli tables Avitli observation. Ke])ler’s 
discoveries had been founded, as Ave have seen, prin- 
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cipally on Tycho’s observations. Longoinontanns (so 
called as bein<^ a native of Langbcrg' in Denmark,) 
published, in 1G21, in his Astronomia Danica,’’ 
tables founded upon tlie theories as well as the ol> 
servations of his countryman. Kepler^ in 1G27 
published his tables of tlie jdaiiets, Avhich he called 
“ Rudolphine Tables,” the result and apjdication of 
his own tluiory. lii 1083, Lausberg*, a Belgian, pub- 
lished also “ Tabuhc Jhu'petiuu a work which Avas 
ushered into tlie Avorld with considerable ])omj) and 
])retension, and in wliich the autlior cavils very 
keenly at Kej)ler and Brahe. We may judge of the 
impression made u|)ou the astronomical Avorld in 
general by these rival works, from the account which 
our countryman .Jeremy llorrox has giAou of their 
elfect on him. He had l)een seduced by tlie mag- 
niticent promises of Lansl)erg, and tiie praises of his 
admirers, Avhich are prefixed to the Avork ; and Avas 
])(*rsuaded that the* common opinion Avliich ])referi*ed 
Tycho and Kc'jder to hiniAATis a ])rejudi(‘e. In 1G3G, 
however, he became accpiaiuted Avith Crabtree, 
another young astronomm*, Avho lived in the same 
j)art of Lancashire. By him llorrox Avas Avarned 
that Lauslu'rg Avas not to Ik' d(^])ended on ; that his 
hv])otheses Avere vicious, and his ol)sei*A'ations falsi- 
fied or forc(Ml into agreement Avith his tlu'ories. lie 
then read the Avorks and ado|)ted tlie ojiinions of 
Keploi* 5 and alter some hesitation Avhich ho felt at 
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the thought of attacking the object of his former 
idolatry, he wrote a dissertation on the points of dif- 
ference between them. It appears that, at one 
time, he intended to have offered himself as the 
umpire who was to adjudge the prize of excellence 
among the three rival theories, of Longomontanus, 
Kepler and Lansberg ; ami, in allusion to the story 
of ancient mythology, his work was to have been 
called “ Paris Astronomicus we easily see tliat he 
Avould have given the golden apple to the Ke])leriau 
goddess. Succeeding observations confirmed his judg- 
ment : and the “ Iludolphine Tables,” thus published 
seventy-six years after the Prutenic, which uere 
founded on the doctrines of Copernicus, were for a 
long time those univei’sally used. 


Sect. 2 . — ApilticaVum of the KlUfical Theory to the 

Moon. 

The reduction to rule of the motions of the moon 
was a harder task than the formation of planetary 
tables, if accuracy was retjuired ; for the moon’s 
motion is affected by an incredible number of diffe- 
rent and complex inequalities, which, till their law 
is detected, appear to defy all theory. 8till, how- 
ever, progress was made in this work. The most 
important advances were due to T}'cho lirahe. In 
a<ldition to the first and second inequalities of the 
moon (the equation of the centre, known very early, 
and the evection, which Ptolemy had discovered) 
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Tyclio proved that thePe was another inequality, 
which he termed the variation, * which depended on 
the moon’s position with respect to the sun, and 
which at its maximum was forty minutes and a half, 
about a quarter of the evection. He also perceived, 
though not very distinctly, the necessity of another 
correction of the moon’s place depending on the 
sun’s longitude, which has since been termed the 
anmud eqmtmi. 

These steps concerned the longitude of the moon ; 
Tycho also made important advances in the know- 
ledge of the latitude. The inclination of the orbit 
had hitherto been assumed to be the same at all 
times ; and the motion of the node had been sup- 
posed uniform. He found that the inclination in- 
creased and diminished by twenty minutes, according 
to the position of the line of nodes and that the 
nodes, though they regress upon the Whole, some- 
times go forwards and sometimes go backwards. 

Tycho’s discoveries concerning the moon are giVeii 
in his “ Progyinnasmata,” udiich was published in 
1603, two years after the author’s death. He repre- 
sents the moon’s motion in longitude by means of 
eei*tain combinations of epicycles and eccentrics. 
But after Kepler had shown that such devices are to 
be banished from the planetary system, it was iuipos- 

* Wc have seen (Book III, p. 228), that Aboul-Wefa, in the 
tenth century, had already noticed this inequality ; but liis dis- 
covery had been entirely forgotten long before the time of 
Tycho, and has only recently been brought again into notice. 

Von. I. 
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sibic not to think of extending the elliptical theory 
to the moon. Horrox succeeded in doing this ; and 
in 1638 sent his essay to his friend Crabtree. It 
was published in 1673, with the'numerical elements 
requisite for its application added by Flamsteed. 
Flamsteed had also (in 1671 and 2) compared this 
theory with observation, and found that it agreed 
fiir more nearly than the “ Philolaic Tables” of 
Bullialdus, or the “ Carolinian Tables” of Street 
(Epilogus and Tabulas.) Halley, by making the 
centre of the ellipse revolve in an epicycle, gave an 
explanation of the evection, as well as of the 
equation of the centre. 

Modem astronomers, by calculating the effects of 
the perturbing forces of the solar system, and com- 
paring their calculations with observation, have 
added many new corrections or equations to those 
known at the time of Horrox ; and since the mo- 
tions of the heavenly bodies were even then affected 
by these variations as yet undetected, it is clear that 
the tables of that time must have showji some errom 
when compared with observation. These errors 
much perplexed astronomers, and naturally gave rise 
to the question, whether the motions of the heavenly 
bodies really were exactly regular, or whether they 
were not affected by accidents as little reducible to 
rule as wind and weather. Kej)ler had held the 
opinion of the cmtialty of such errors ; but Horrox, 
far more philosophically, argues against this opinion, 
tliough he allows that Vie is much embarrassed by 
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the deviations. His arguments show a singularly 
clear and strong apprehension of the features of the 
case, and their real import. He says®, these errors 
of the tables are alternately in excess and defect ; 
how could this constant compensation happen, if they 
were casual ? Moreover, the alternation from excess 
to defect is most rapid in the moon, most slow in 
Jupiter and Saturn, in which planets the error con- 
tinues sometimes for years. If the errors were casual, 
why should they not last as long* in the moon as in 
Saturn ? But if we suppose the tables to be right 
in the mean motions, but wrong in the ecjuations, 
tliese facts are just wliat must happen ; since Saturn’s 
inequalities are of long period, while those of the 
moon are numerous, and rapidly changing.” It would 
be impossible, at the present moment, to reason 
better on this subject ; and the doctrine, that all the 
apparent irregularities of the celestial motions are 
really regular, was one of groat consequence to 
establish at this period of the science. 


Sect. 3 . — Carnes of the fnrther Progress of Astronomy ^ 

We are now arrived at the time when theory and 
observation sprang forwards with emulous energy. 
The physical theories of Ke]>Ier, and the reasonings 
of other defenders of the Copernican theory, led 
inevitably, after some vagueness and peiplexity, to a 


*’ Abtrou. Kepler. Trolcg. p. 17* 
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sound science of mechanics ; and this scierice in^tinae 
^ve a new face to astronomy. But itt the meaah 
time, while mechanical mathematicians were gene- 
i^isirig from the astronomy already established, 
astronomers were accumulating new fiicts, which 
pointed the way to new theories and new generalisa- 
tions. Copernicus, while he had established the per- 
manent length of the year, had confirmed the motion 
of the sun’s apogee, and had shown that the eccen- 
tricity of the earth’s orbit, and the obliquity of the 
ecliptic, were gradually, though -slowly, diminishing. 
Tycho had accumulatetl a store of excellent observa- 
tions. These, as well as the laws of the motions of 
the mooh and planets already explained, were mate- 
rials on which the Mechanics of the Universe was 
afterwardk'to employ its most matured powers. In 
the mean time, the telescope had opened other new 
subjects of notice and speculation; not only con- 
firming the Copemican doctrine by the phases of 
Venus, and the analogical exam})les of Jupiter and 
Saturn, which appeared like models of the solar sys- 
tem ; but disclosing unexpected objects, as the ring 
of Saturn, and the spots of the sun. The art of ob- 
serving made rapid advances, both by the use of the 
telescope, and by the sounder notions of the con- 
struction of instruments which Tycho introduced. 
Copernicus had laughed at Rheticus, when he was 
disturbed about siflgle minutes ; and declared that if 
he could be sure to ten minutes of space, he should 
be as much delighted as Pythagoras was when he 
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tliscovered the property of the right angle. But 
Kepler founded the revolution which he introduced 
on a quantity less than this. “ Since,” he says*, 
“ the divine goodness has given us in Tycho an 
observer so exact that this error of eight minutes is 
impossible, we must be thankful to God for this, 
and turn it to account. And these eight minutes, 
which we must not neglect, will, of themselves, 
enable us to reconstruct the whole of astronomy.” 
In addition to other improvements, the art of nume- 
rical calculation made an inestimable advance by 
Napier’s invention of logarithms ; and the progress 
of other parts of pure mathematics was proportional 
to the calls which astronomy and physics made upon 
them. 

The exactness which observation had attained 
enabled astronomers both to verify and improve 
the existing theories, and to study the yet unsys- 
tematised facts. The science was, therefore, forced 
along by a strong impulse on all sides. We now 
proceed to speak of the new path into which this 
pressure forced it, and first we must trace the rise 
and progress of the science of mechanics. 

* De Mot. Mart. 19. 
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ERRATA IN VOL. I.* 


PfigG 42, line 1 0, for inscribed, read invented. 

126, line 1, &c., read 

Chorus of Clouds. 

The Moon by us to you her greeting sends, 

But bids us say that she’s an ilLuscd moon. 

And takes it much amiss that you should still 
Shuffle her days and turn them topsy-turvey ; 

And that the gods (who know their feast-days well,) 

By your false count are sent home supperless, 

And scold and storm at her for your neglect. 

A^o/e.— “This passage is supposed by the commentators to be intended as a 
satire upon those who had introduced the cycle of Meton at Athens, which 
had been done a few years before “ The Clouds” was acted. 

Page 146, note Acronical, read Acronycal {(iKpowKioy^ liappening at the 
extremity of the night). 

161, bottom line, for somewhat, read somehow. 

245, note, line 7, for audentes, read rudentes. 

246, line 11, rend of Caius, 

271 , note, line 2, for essus, read fessus. 

273 , line 3 from bottom, /or compounds, rcfflrf compends. 

274 , line 5 from bottom, /or Pachynieus read Pachymerus. 

291, line 11, /or T€Tpaj(Tvv, read TfrpaKTVU, 

301, lino 1, /or ^istronoin. read Astroruin, 

413, line 7, for Malo ne, read Malo me. 
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